Design of a 3D Multipurpose land administrative system for Greece, in the context of LADM by Καλογιάννη, Ευτυχία & Kalogianni, Eftychia
 
 
 
 
 
 
 
 
 
NATIONAL TECHNICAL UNIVERSITY OF ATHENS 
Inter-Departmental postgraduate course 
GEOINFORMATICS 
 
 
 
 
 
 
 
Design of a 3D multipurpose 
land administrative system for 
Greece, in the context of LADM 
 
 
 
 
 
 
 
 
MASTER DIPLOMA THESIS 
Of 
 
KALOGIANNI EFTYCHIA 
 
 
 
 
 
 
 ATHENS, MARCH 2015  
   
 iii 
 
 
 
 
 
 
 
 
 
 
ΕΘΝΙΚΟΜΕΣ΢ΟΒΙΟΠΟΛΤΣΕΦΝΕΙΟ 
ΔΙΑΣΜΗΜΑΣΙΚΟΠΡΟΓΡΑΜΜΑΜΕΣΑΠΣΤΦΙΑΚΨΝ΢ΠΟΤΔΨΝ 
ΓΕΨΠΛΗΡΟΥΟΡΙΚΗ 
 
 
΢ΦΕΔΙΑ΢ΜO΢ΠΟΛΤΔΙA΢ΣΑΣΟΤΜΟΝΣEΛΟΤ
ΔΙΑΦΕIΡΙ΢Η΢ΣΗ΢ΓΗ΢ 
ΓΙΑΣΗΝΕΛΛAΔΑΒΑ΢Ι΢ΜEΝΟ 
΢ΣΟΔΙΕΘΝE΢ΠΡOΣΤΠΟLADM 
 
 
ΜΕΣΑΠΣΤΦΙΑΚΗΔΙΠΛΨΜΑΣΙΚΗΕΡΓΑ΢ΙΑ 
 
ΚΑΛΟΓΙΑΝΝΗ΢μ.ΕΤΣΤΦΙΑ 
 
 
ΕΠΙΒΛΕΠΨΝ:  
ΚάΪηνιΩκΜ. 
ΚΩΰίΫίμήκΕΜΠ 
 
 
ΕΫβιίΰίβέΩθόμίεμιαδέγήέζέμΩλμαβήέθαμιηθή: 
 
 
ΚάΪηνιΩκΜΩιίεηκ        ΔίδηθηύγηνΈξί              ΚόβγΩ
ΜΩιΫΩιίμΩ 
   ΚΩΰίΫίμήκΕΜΠ-        Αε. ΚΩΰίΫήμιαΩΕΜΠ         ΛέβμηιΩκ
ΕΜΠ 
      Δαένΰνεμήκ ΔΠΜ 
 
 ΑΘΗΝΑ, ΜΑΡΣΙΟ΢ 2015  
   
 v 
Preface 
 
There is an urgent need for land administration system worldwide today and 
products and services can be offered to users in society from complete digital 
cadastres. Governments need information to govern. Data integration and 
accessible information on “people to land relationships” are crucial for 
sustainable economic and infrastructural development and interrelated spatial 
planning, for disaster and environmental management. Harmonization of spatial 
data is a policy in the European Union in support to the implementation of 
environmental and other policies. Towards this dimension standardization and 
communication protocols are key concepts. 
The increasing complexity of urban (and rural) spaces and their ever-
increasing dense and intensive use require proper registration of their legal 
status (private and public). This registration cannot be provided in all situations 
by existing 2D cadastral registrations. 
Given all this, there are many countries that have already developed their 
own land administration systems some of them including the third dimension as 
an important aspect. Towards this development tools are urgently needed 
taking advantage from modern land administration systems in support to good 
governance. The data model is one of them as it defines the structure of the 
spatial and non-spatial information. Land Administration Domain Model (LADM, ISO 
19152 2012) provides a generic data model for land administration based on 
common grounds, widely accepted and being useful for many people countries.  
In Greece the Hellenic Cadastre is still an ongoing projects and at the same 
time it should face and follow the European and international changes and 
challenges on the domain of land administration. Apart from cadastral 
information shortage, the country has to deal with the absence of an integrated 
National Spatial Data Infrastructure. The implementation of an international 
standard, such as the LADM, is an opportunity for Greece to reorganize its land 
information registries based on model driven architecture and will set more 
robust foundations for the completion of the Hellenic Cadastre. 
This research investigates several aspects of the associated to 2D and 3D 
cadastral situations within Hellenic cadastral registration system covering a 
broader perspective than the one that the Hellenic Cadastre covers today. 
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Abstract 
 
Nowadays, most countries have developed their own land administration 
system. Some countries operate deeds registration, other title registration. 
Some systems are centralized, and others decentralized. Some systems are 
based on general boundaries approach, others on fixed boundaries. However, 
many of those countries lack a coherent national approach to land 
administration, which constitutes an essential component of national 
administrative portfolios. 
Modern cadastral systems and in general, land administration systems, were 
affected and continue to be strongly affected by the advancements in 
Information and Communications Technology. Significantly, GIS, DBMS and in 
particular spatial DBMS, as well as other systems for spatial analysis (e.g. R) and 
visualization systems allow for more effective management and dissemination of 
spatial and non-spatial information nowadays. 
The use of land is always related to a certain amount of 3D space as well as 
a certain amount of time, e.g. leasehold. However, traditionally cadastres are 
based on representations of the division of the land in 2D on a certain moment 
in time. Because of growing pressure on land and rising land values, which lead 
to more complex and intensive land use, it is argued that there will be a 
growing need for 3D/4D information in cadastral registers. As the 2D maps 
cannot sufficiently represent the reality, the 3D Cadastre has been introduced 
especially for the description of apartment units and for physical objects that 
cross above or below land parcels and other types of multilevel buildings. Even 
when the creation of property rights to match these developments is available 
within existing legislation, describing and depicting them in the cadastral 
registration poses a challenge. Additionally, the upcoming 3D approach in other 
domains (3D GIS, 3D planning, etc.), which makes a 3D approach of cadastral 
registration technologically realizable also causes a growing interest for the 
realization of a 3D Cadastre. 
The scope of a 3D cadastre depends on each country and its limitations and 
opportunities. To ensure legal security and support development, a 3D cadastre 
can benefit from other domains that develop towards 3D and vice versa, since 
3D data can be exchanged. However, those capabilities cannot be fully 
exploited due to the absence of standardization and interoperability within 
cadastral systems. 
Nowadays standardization has been an increasingly accepted process in the 
fields of land management and land registries all over the world. In the 
developed world, standards are required in land administration for adequate 
information exchange and data acquisition. At the European level, INSPIRE 
directive identifies 34 different geo-information themes, including cadastral 
parcels, which should be (and currently are) harmonized. 
At a national level now, the design and development of the Hellenic Cadastre 
is an ongoing project since 1995, progressively replacing the existing mortgage 
registries. Due to the current financial crisis, there is a delay in the process of 
the Hellenic Cadastre, but it is expected to be accomplished by 2020. The 
dynamic nature of immovable property in Greece calls for updated information 
about rights and restrictions that apply to each land parcel. 
Taking this situation into account, there is a need to standardize the process 
of land management, introducing a model for the effective management of the 
properties in Greece with a multipurpose character. Therefore, in Greece, it is 
time to plan for the future, chart a course for redefining the data model of the 
HC and replacing components of the existing system. A new data model could 
facilitate the provision of data to internal and external users in a more flexible 
 format for the community’s needs. That means improving the structure of 
property rights, restrictions and responsibilities, as well as all relative 
stakeholders, in a direction of harmonizing with international land administration 
systems and standardization processes in this field. 
Land Administration Domain Model, ISO 19152, was introduced as a model to 
create standardized information services in an international context, where land 
administration domain semantics have to be shared between regions or 
countries, in order to enable necessary translations. It covers land registration 
and cadastre in a broad sense by describing spatial and administrative 
components, source documentation and the ability to link with external 
registrations. The model also includes agreements on data about administrative 
and spatial units, land rights in a broad sense and source documents (e.g. titles, 
deeds or survey documentation). The rights may include real and personal 
rights as well as customary and informal rights and the restrictions and 
responsibilities can be similarly represented to document the relationships 
between people and land. 
This thesis proposes a comprehensive LADM country profile for 2D and 3D 
cadastral registration system for Greece. The proposed model is partly based 
on the existing spatial and administrative registration systems, and partly based 
on new developments inspired by the LADM standard and other country 
profiles. Within the country profile, an attempt is made to cover all Greek land 
administration related information, which are maintained by different 
organizations today. This means that apart from the registrations of the existing 
HC, other objects are categorized and registered in the proposed model aiming 
at the creation of a multipurpose land administration system for Greece. 
The different types of spatial units include areas with archeological interest, 
buildings and unfinished constructions, utilities (legal spaces), 2D and 3D 
parcels, mines, planning zones, Special Real Property objects usually found in 
Greek islands (anogia, yposkafa) and marine parcels. What makes the 
development of this model unique is the support of a wide range of spatial 
units, each of them having different requirements. The country profile also 
includes the content of various code lists, which are an important aspect of 
standardization. 
It should be mention that as I am currently doing two Master Degrees, one at 
the National Technical University of Athens and one at Technical University of 
Delft, I decided to choose a broad topic for my research in order to be able to 
split it into two parts for my 2 thesis and also go into to depth in one domain. 
For that reason, the broader topic that was selected was the link between the 
legal with the physical reality of 3D objects through the derivation of a 
technical model from a conceptual one using international standards. In 
particular, the conceptual model created during this thesis describes mostly 
the legal part of the 3D objects registered in the proposed multipurpose land 
administration system but also provides different ways to link it with the 
physical counterparts of the objects. This conceptual model will be the input 
for the TUDelft MSc thesis, which will be more technically oriented, according to 
the character of the Master. In particular, a prototype to derive a technical 
model from the conceptual will be developed by implementing it into a spatial 
database and visualising the result in a 3D environment using advanced and 
complete technical tools. 
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Πέιίγίπί 
 
΢έ θΩΫβόλδαη έθίθέάη μΩ λύΫοιηεΩ βμίδΩμηγηΫαβά λνλμήδΩμΩ βΩα
ΫέεαβόμέιΩ μΩ λνλμήδΩμΩ άαΩοέίιαλίκ Ϋίκ έθίιέάήηεμΩα Ωθό μί ιΩΫάΩίΩ
έζέγαζί μίκ μέοεηγηΫίΩκ μρε θγίιηξηιαώε βΩα μίγέθαβηαερεαώε. ΠΩιόγέκ μαλ
άαΩξηιέκ μρε λνλμίδάμρε Ωεά μηε βόλδη, ί Ωεάθμνζί μρε ΢νλμίδάμρε
ΓέρΫιΩξαβώε Πγίιηξηιαώε, μρε λνλμίδάμρε άαΩοέίιαλίκ Ϊάλέρε άέάηδέερε βΩα
θαη λνΫβέβιαδέεΩ, οριαβώε Ϊάλέρε άέάηδέερε, βΩΰώκ βΩα άγγρε έιΫΩγέίρε
οριαβήκΩεάγνλίκ(θ.ο.R),έθαμιέθηνεμίεβΩγύμέιίάαΩοέίιαλίβΩαάαάονλίμρε
οριαβώεβΩαδί-οριαβώεάέάηδέερε. 
ΣΩ μέγένμΩίΩ οιόεαΩ ί έιένεΩ λμηε μηδέΩ μίκ άαΩοέίιαλίκ Ϋίκ
έθαβέεμιώεέμΩα ηγηέεΩ βΩα θέιαλλόμέιη λμίε έελρδάμρλί μίκ μιίμίκ
άαάλμΩλίκ, μόλη λμίε έΫΫΩξή βΩα Ωθηΰήβένλή μίκ, όλη βΩα λμίε ηθμαβή
ΩεΩθΩιάλμΩλή μίκ. ΢ήδέιΩ, ί μιίμί άαάλμΩλί βιίεέμΩα αάαΩίμέιΩ λβόθαδί βΩα
ΩθΩιΩίμίμί λμίε Ωθέαβόεαλί μίκ θέιίθγηβίκ θιΩΫδΩμαβόμίμΩκ θην έοέα
άίδαηνιΫίΰέί βνιίρκ λμηε Ωλμαβό αλμό μρε θόγέρε γόΫρ μρε θηγγΩθγώε βΩα
έθαβΩγνθμόδέερε οιήλέρε Ϋίκ Ωγγά βΩα μρε έθαβΩγνθμόδέερε έδθιάΫδΩμρε
άαβΩαρδάμρε. Οα άνεΩμόμίμέκ έξΩιδηΫήκ έεόκ μιαλάαάλμΩμην βμίδΩμηγηΫαβηύ
λνλμήδΩμηκ έοηνε δέγέμίΰέί έβμέεώκ μόλη λέ έθίθέάη έιένεΩκ Ωγγά βΩα
θγέηε δέ μίε έξΩιδηΫή θαγημναβώε θιηΫιΩδδάμρε λέ άαάξηιέκ οώιέκ (θ.ο.
ΡρλίΩ,ΚίεΩ). 
ΈεΩ ηγηβγίιρδέεη μιαλάαάλμΩμη βμίδΩμηγηΫαβό λύλμίδΩ θιέθέα εΩ
θέιαγΩδΪάεέαβμίδΩμηγηΫαβάάέάηδέεΩθηνΩθέαβηείήηεμΩαλέμιέακάαΩλμάλέακ
βΩα εΩ γΩδΪάεέα νθόπαε ΰέλδαβέκ, εηδαβέκ βΩα μέοεαβέκ θμνοέκ ΩεάγηΫΩ δέ μΩ
αάαΩίμέιΩ οΩιΩβμίιαλμαβά μίκ βάΰέ οώιΩκ. ΠΩιόγέκ μακ θιηλθάΰέαέκ μρε
μέγένμΩίρεέμώεάέενθάιοέαβάθηαηηγηβγίιρδέεημιαλάαάλμΩμηβμίδΩμηγόΫαη
λέβάθηαΩοώιΩμηνβόλδην. 
Κιίλαδη ιόγη λέ Ωνμή μίε βΩμέύΰνελί άαΩάιΩδμίήηνε ί μνθηθηίίλί βΩα
δηεμέγηθηίίλί μρε λνλμίδάμρε Ωνμώε βΩΰώκ βΩα μΩ θιημόβηγγΩ έθαβηαερείΩκ
θην έθαμιέθηνε μί άνεΩμόμίΩ Ωεάθμνζίκ μέμηαρε λνλμίδάμρε βΩΰώκ βΩα μί
άαΩγέαμηνιΫαβόμίμά μηνκ. Δαάξηιέκ θιηλθάΰέακ μνθηθηίίλίκ βΩμΩΪάγγηεμΩα μΩ
μέγένμΩίΩ οιόεαΩ δέ λβηθό εΩ Ϊιέΰηύε μΩ βηαεά λίδέίΩ μρε βμίδΩμηγηΫαβώε
άέάηδέερε, ηα ΩεάΫβέκ μηνκ βΩα εΩ Ωιΰηύε ηα ΫέρΫέΩξαβηί, θηγαμαβηί βΩα
βηαερεαβηί θέιαηιαλδηί.. ΢έ δαΩ θιηλθάΰέαΩ μνθηθηίίλίκ μΩ αάαΩίμέιΩ
οΩιΩβμίιαλμαβάΩγγάβΩαηαΩεάΫβέκμίκβάΰέοώιΩκάέεθΩιΩδέιίήηεμΩα,Ωγγά
θιημέίεηεμΩα Ϋέεαβά θγΩίλαΩ βΩα άηδέκ όθην βάΰέ λύλμίδΩ δθηιέί εΩ
λνδθέιαγίξΰέί βΩα εΩ άώλέα έδξΩλί λμακ ΩεάΫβέκ μην, έθαμιέθηεμΩκ όδρκ μίε
έθαβηαερείΩβΩαάαΩγέαμηνιΫαβόμίμΩδέάγγΩ. 
΢μη άαέΰεέκ λβίεαβό έθαβιΩμέί μΩ μέγένμΩίΩ οιόεαΩ δίΩ λέαιά θιόμνθρε
δηεμέγρε (ISO) ί ηθηίΩ ΪΩλίήέμΩα λμί λύεάέλί μην θιηλώθην δέ μη Ωβίείμη
δέλρ μρε άαβΩαρδάμρε, θέιαηιαλδώε βΩα νθηοιέώλέρε. Ση Land Administration 
Domain Model [LADM], Ωθημέγέί μί δέΫΩγύμέιί, δέοια λήδέιΩ, θιηλθάΰέαΩ
μνθηθηίίλίκ βΩα δηεμέγηθηίίλίκ μρε βμίδΩμηγηΫαβώε λνλμίδάμρε λέ άαέΰεέκ
έθίθέάη. ΑεΩδέεέμΩα εΩ Ωθημέγέλέα άαέΰεέκ θιόμνθη δέοια μη ΔέβέδΪιαη μην
2012.ΚΩγύθμέαμακβηαεέκάαέΰεέίκΩεμαγήπέακλοέμαβάδέμίάαΩοέίιαλίμίκΫίκ,
λμίιίήέμΩα λέ θιηίΫηύδέεΩ άαέΰεή θιόμνθΩ βΩα έίεΩα ένέγαβμη βΩα έύβηγΩ
θιηλΩιδόλαδηΩεάγηΫΩδέμακΩεάΫβέκμίκέβάλμημέοώιΩκ. 
΢μίε ΕγγάάΩ, όθην μη Εΰεαβό βμίδΩμηγόΫαη έίεΩα νθό έζέγαζί, μΩ έγγίεαβά
βμίδΩμηγηΫαβά άέάηδέεΩ λμΩάαΩβά έεμάλληεμΩα λέ έεΩ θηγνάαάλμΩμη
βμίδΩμηγηΫαβό λύλμίδΩ μη ηθηίη ΰΩ Ωθημέγέλέα μη θγέηε λύΫοιηεη λύλμίδΩ
βΩμΩΫιΩξήκ Ωβαεήμρε, έδθιάΫδΩμρε άαβΩαρδάμρε βΩα λνεΩγγΩΫώε Ϋίκ. ΠΩιόγΩ
Ωνμά, μη δηεμέγη θην οιίλαδηθηαέί μη ΕΚ άέε ΪΩλίήέμΩα λέ βάθηαη άαέΰεέκ
θιόμνθη,ΩγγάέοέαάίδαηνιΫίΰέίώλμέεΩέζνθίιέμέίμακΩεάΫβέκμίκοώιΩκ. 
ΓαΩ μη γόΫη Ωνμό,, νθάιοέα ί ΩεάΫβί εΩ έεμΩοΰέί λέ έεΩ ένιύμέιη,
 μνθηθηαίδέεη θγΩίλαη θην ΰΩ έθαμιέθέα μί άαΩγέαμηνιΫαβόμίμΩ βΩα έθαβηαερείΩ
δέμΩζύόγρεμρεέδθγέβόδέερεξηιέρεμόληέεμόκ,όληβΩαέβμόκΕγγάάηκ. 
ΛόΫρ μίκ θηγνθγηβόμίμΩκ μην ΩεΩΫγύξην μίκ οώιΩκ βΩα μρε αάαΩίμέιρε
δηιξηγηΫαβώε οΩιΩβμίιαλμαβηύ θην ηάίΫηύε βΩα λέ αάαΩίμέιη αάαηβμίλαΩβό
βΩΰέλμώε, λμίε θΩιηύλΩ άαθγρδΩμαβή έιΫΩλίΩ θιημέίεέμΩα έεΩ θηγνάαάλμΩμη
δηεμέγη άαΩοέίιαλίκ Ϋίκ. Παη λνΫβέβιαδέεΩ, θιημέίεέμΩα έεΩ δηεμέγη
άαΩοέίιαλίκ Ϋίκ θην έθαμιέθέα μίε έΫΫιΩξή μόλη άαλάαάλμΩμρε όλη βΩα
μιαλάαάλμΩμρε άέάηδέερε ΫαΩ μίε ΕγγάάΩ, ΪΩλαλδέεη λμη άαΩΰεέκ θιόμνθη
LADM, ISO 19152. ΓίεέμΩαδαΩθιηλθάΰέαΩηδηάηθηίίλίκβΩαβΩμΩΫιΩξήκόγρεμρε
άέάηδέερε θην λοέμίήόεμΩα δέ μί άαΩοέίιαλί μίκ Ϋίκ βΩα άαΩοέαιίήηεμΩα Ωθό
άαάξηιηνκ ξηιέίκ. ΠέιΩ Ωθό μΩ άέάηδέεΩ θην έΫΫιάξηεμΩα λήδέιΩ λμη
ΚμίδΩμηγόΫαη βΩα άγγΩ άέάηδέεΩ βΩμίΫηιαηθηαηύεμΩα βΩα βΩμΩΫιάξηεμΩα
ΩθηλβηθώεμΩκλμίάίδαηνιΫίΩέεόκθηγνάαάλμΩμηνλνλμήδΩμηκ. 
Η θηαβαγηδηιξίΩ θην έδξΩείήέμΩα λμΩ οριαβά άέάηδέεΩ μίκ οώιΩκ 
βΩμίΫηιαηθηαήΰίβέ ρκ έζήκ λμη θιημέαεόδέεη θηγνάαάλμΩμη δηεμέγη: λμηνκ
άαάξηιηνκ ΩιοΩαηγηΫαβηύκ οώιηανκ μΩ βμίιαΩ βΩα μακ νθό-έζέγαζί βΩμΩλβένέκ,
μΩ άίβμνΩ βηαεήκ ρξέγέαΩκ, μΩ άαλάαάλμΩμΩ βΩα μιαλάαάλμΩμΩ ΫέρμέδάοαΩ, μη
ΰΩγάλλαη Ϋέρμέδάοαη, μΩ έαάαβά αάαηβμίλαΩβά ΩεμαβέίδέεΩ θην έδξΩείήηεμΩα
βνιίρκ λμακ Κνβγάάέκ, μΩ ηινοέίΩ, Ωγγά βΩα ηα βΩμένΰύελέακ θην Ωθηιιέηνε
ΩθόμΩάαάξηιΩέθίθέάΩοριημΩζαβηύλοέάαΩλδηύ. ΗθηαβαγηδηιξίΩμρεάαΩξόιρε
έαάώε οριαβώε δηεάάρε Ωγγά βΩα έθγέβόδέερε ξηιέρε λέ λνεάνΩλδό δέ μακ
ΩεάΫβέκ θην άαΩδηιξώεηνε, βΩΰαλμηύε μη θΩιόε δηεμέγη δηεΩάαβό. Σέγηκ, λμη
δηεμέγη θιημέίεηεμΩα ηιαλδέεέκ γίλμέκ βράαβώε ΫαΩ βάΰέ δίΩ Ωθό μακ βγάλέακ
λμακ ηθηίέκ βΩμΩΫιάξηεμΩα ηα άαάξηιέκ μαδέκ θην δθηιέί εΩ θάιέα μη βάΰέ
θέάίη. Η βράαβηθηίίλί θην θιημέίεέμΩα ΫαΩ μακ γίλμέκ βράαβώε έίεΩα λίδΩεμαβό
οΩιΩβμίιαλμαβόμίκθιημνθηθηίίλίκ. 
Σέγηκ, ΰΩ ήΰέγΩ εΩ ΩεΩξέιρ θρκ θΩιάγγίγΩ δέ μη ΔΠΜ΢ Γέρθγίιηξηιαβή
θΩιΩβηγηνΰώ βΩα μη δέμΩθμνοαΩβό θιόΫιΩδδΩ Geomatics λμη ΠΩεέθαλμήδαη
Νμέγξμ μίκ ΟγγΩεάίΩκ (TUDelft). ΚΩΰώκ μΩ άύη δέμΩθμνοαΩβά ΪιίλβηεμΩα λμηε
ίάαη έιένείμαβό μηδέΩ ΩθόξάλαλΩ εΩ έθαγέζρ έεΩ ένιύμέιη ΰέδΩ έιένεΩκ μη
ηθηίη ΰΩ δθηιηύλΩ εΩ άαΩοριίλρ λέ άύη δέιί, έεΩ ΫαΩ μί δέμΩθμνοαΩβή δην
έιΫΩλίΩ λμη ΕΜΠ βΩα έεΩ ΫαΩ μη TUDelft. Οα άύη έιΫΩλίέκ έίεΩα Ωεέζάιμίμέκ
δέμΩζύμηνκ,ΩγγάβΩαλνεέοέαΩίδίΩμίκάγγίκ.ΣηΰέδΩθηνέθέγέζΩέίεΩαί
άαέιέύείλίμίκλύεάέλίκμίκξνλαβήκδέμίεηδαβήθγένιάμρεμιαλάαάλμΩμρε
Ωεμαβέαδέερε δέλρ μίκ έιένεΩκ μρε άαΩξόιρε μιόθρε θην δθηιέί εΩ έζΩοΰέί
έεΩμέοεαβόδηεμέγηθηνθέιαΫιάξέαμίξνλαβήάαάλμΩλίμρεΩεμαβέαδέερεΩθό
έεΩέεηαηγηΫαβόθηνθέιαΫιάξέαμίεηδαβήάαάλμΩλί. 
Παη λνΫβέβιαδέεΩ, ί θΩιηύλΩ δέμΩθμνοαΩβή έιΫΩλίΩ θέιαΫιάξέα μη
λοέάαΩλδό έεόκ έεεηαηγηΫαβηύ δηεμέγην δέ θηγνάαάλμΩμη οΩιΩβμήιΩ ΫαΩ μίε
ΕγγάάΩ. Ση ΩθημέγέλδΩ ΰΩ Ωθημέγέλέα μί Ϊάλί ΫαΩ μί δέμΩθμνοαΩβή έιΫΩλίΩ
λμίε ΟγγΩεάίΩ, όθην ΰΩ άαέιένείΰηύε ηα άαάξηιηα μιόθηα θην δθηιέί εΩ
έζΩοΰέί έεΩ μέοεαβό δηεμέγη Ωθό μη έεηαηγηΫαβό. ΢μί λνεέοέαΩ, μη μέοεαβό
δηεμέγη ΰΩ έαλΩοΰέί λέ δίΩ οριαβή Ϊάλί άέάηδέερε (PostGIS) βΩα μέγηκ, ΰΩ
νθάιζέα δαΩ ηθμαβή ΩεΩθΩιάλμΩλί μίκ ξνλαβήκ βΩα εηδαβήκ θγένιάκ μρε
ΩεμαβέαδέερελέμιαλάαάλμΩμηθέιαΪάγγηε. ΗλνεέοέαΩμίκέιΫΩλίΩκΩνμήκλμη
TUDelft ήμΩε η ΪΩλαβόκ γόΫηκ ΫαΩ μηε ηθηίη μη βέίδέεη Ωνμό Ϋιάξμίβέ λμΩ
ΩΫΫγαβά. 
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The increasing complexity of urban and rural spaces 
and their intensive use the last years require proper 
registration of their legal status. Until now this registration 
cannot be provided by 2D cadastral registration and 
3D Cadastre is considered to be the solution. 
Significant progress has been made in advancing 
the concept of 3D cadastres and related technologies 
to facilitate its realization. 
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1.1. Motivation and background 
 
In many global documents, land is considered as an issue of utmost 
importance, see for example Agenda 21 [UNCED, 2002]. It is considered as the 
ultimate resource, for without it life on earth cannot be sustainable [United 
Nations, 1996]. Many political objectives are in many ways related to access to 
land and land – related opportunities. How governments deal with this issue, 
developing multiple land policies is an interesting topic and many studies have 
been conducted through this direction. However, apart from the land policy, the 
tools to facilitate its implementation are very important and challenging [Lemmen, 
2012]. 
Until today, many countries have developed their own land administration 
systems [LAS], which fit in the purposes and needs of its society. Most of the 
countries based their LAS on existing standards, while some others developed 
their own methodology in order to organize the people to land relationships, e.g. 
Greece. A good LAS should service the needs both of the individual and of the 
community at large. Standardization is a key concept in designing of LASs and in 
supporting data quality by avoiding inconsistencies. 
According to Lemmen [2012], land administration systems must deliver 
accessible, exchangeable, complete, and valid information about people to land 
relationships in 2D and 3D reflecting various ownership models and they must 
manage the huge amount of information in cadastral databases. 
Moreover, during the last two centuries population density has increased 
considerably making land use more intense. This trend has caused a growing 
importance of ownership of land, which has changed the way humans relate to 
land. This changing relationship necessitated a system in which property to land 
is clearly and indisputably recorded [Stoter, 2004]. 
Digital 3D cadastres can be the solution as they provide important and 
reliable information for different aspects of land and property management, 
provide to decision makers and may be utilized as the basis for the integration 
with other information models, such as Building Information Model, CityGML, etc. 
[Rajabifard et al., 2012]. 
From all the above mentioned, pve. This was the motivation for starting this 
reaserach at the field of 3D Cadastres, mainly investigated the case of Greece.  
The overall research can be described as the design of a multipurpose 
model for land administration in the context of international standards. The aim 
of this research is to exolicitly describe the legal reality of the objects and their 
inter-relationships by creating a conceptual model for land administration in 
Greece based on LADM ISO 19152, focused mainly on the third dimension. The 
conceptual model is a proposal covering a broader perspective than the one of 
the HC today as it also includes objects and interests that are not registered to 
the existing HC. It aims to best organize the current situation and also include 
improvements for the future. The objects, interests and their relationships are 
described by using UML diagrams. 
  
 1.2. Setting the scene 
 
The last decades urbanization is regarded as a global trend. World urban 
populations demand apartments and high-rise structures nowadays. In 2013, 
morethan 3.5billionpeople, about half of the world’s population, live incities.
Many demand a smarter cross-disciplinary integration in the land development 
industry including architecture, construction, surveying and building 
management disciplines. This includes integration along the supply chain, better 
documentation and design, the use of technologies and effective 
communication [Kalantari, 2014]. It is clear that the ways societies use and 
occupy space occur in multiple dimensions; however, the ways we manage and 
administer space relies on two-dimensional information representations (2D). 
Residential developments also arguably drive an accompanying need for 
investment in infrastructure and services such as laying utilities (networks, 
underground cities, large shopping complexes, subterranean transport systems, 
etc.). As spatial entities, these developments impact on the urban form, with 
corollary impacts on urban flow (e.g. energy, travel, etc) and function (e.g. land 
use) [Salat & Bourdic, 2012]. Therefore, there is need for information about all 
aspects of the built form to facilitate better decision-making to support the 
functioning of our cities. 
Complex cities demand 3D description and they are initiatives worldwide that 
suggest we are moving in this direction. For instance, at European level, INSPIRE 
directive [INSPIRE, 1997] defines that the cadastral parcel has a more visible role 
now in facilitating multiple aspects of land information management and 
emphasizes the 3D aspect of the buildings. However, there are clear 
opportunities for exploring how best to position 3D cadastres as part of much 
needed collaborative approach [Rajabifard, 2014].  
Greece is consisted of many complex cities that need 3D cadastral 
registrations. Due to the unique morphology and the great diversity on the 
terrain but also on the way the properties have been built, the 2D registrations 
are not enough to describe this situation. At the moment, the Hellenic Cadastre 
is an ongoing project and proposals for best managing the special, unique 
cases are important. 
The land question in Greece presents great diversity and specificities, as it 
largely depends on localized historical, geographical, economic, social, political 
and cultural factors. It is a challenge to face and exploit with the optimal way 
those characteristics of Greece, using international experience and create a 
model for land administration covering a broader scope than the one that the 
Hellenic Cadastre covers today. 
 
1.3. Research approach 
 
In this section the research objectives and questions as well as the 
research methods that were used to achieve these objectives and answer 
these questions, are explained. 
 
1.3.1. Research objectives 
 
The main objective of the thesis is to answer the question how to design a 
multipurpose cadastral model for Greece based on international standards. The 
emphasis of the thesis is on the creation of the conceptual model, based on 
the ISO 19152 Land Administration Domain Model (LADM). 
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To realize this objective, the thesis concentrates on three main topics: 
o Analysis of the background. This part explores the following 
scientific fields: 
o What is the state-of-the-art on the 3D Cadastres? International 
experience in this field. 
o What is the need for 3D Cadastres? 
o How can the standardization help towards this direction? 
o International country profiles for LASs based on ISO 19152. 
o Hellenic Cadastre. In this section, the state of the art for the 
Hellenic Cadastre will be presented. Moreover, the cases that 3D 
Cadastre is required at the Greek territory will be emphasized. The 
different cases should be treated with specific and legally 
regulated way. In addition, the way that the Hellenic Cadastre deals 
with those situations today will be explored. 
o Proposed model for land management in Greece based on LADM. At 
the last section, the proposed model based on the international 
standard ISO 19152 will be presented and described by UML 
diagrams. 
 
1.3.2. Methodological approach 
 
In order to answer the research question and objectives the following 
methodological approach is followed. 
o Analysis of the background. A literature review is performed on 
relevant papers and theses related to this issue. During the past 
decade, various 3D cadastre activities have been conducted and 
numerous developments have occurred with respect to 3D 
cadastres. After past research and prototype developments the 
present era is one in which the first 3D cadastral systems are in 
operation [Van Oosterom, 2013]; those developments are described 
in the section. This development brings additional experience and 
forms the basis for new requirements as well as new research 
challenges. Towards this direction, the importance of standards 
and communication protocols are analyzed and the recent and 
most important on the domain of land administration are presented. 
LADM, ISO 19152, providing an abstract, conceptual schema, defines a 
formal description of a common set of concepts and terms and 
was selected among other standards as basis for the proposed 
model in this research. Therefore, characteristic LADM country 
profiles that emphasize the 3D extension and serve needs of 
different countries are presented and discussed. 
o Hellenic Cadastre. The National Cadastre and Mapping Agency S.A. 
company (from now on NCMA) is a Legal Entity of Private Law and 
its mission is the study, development and operation of the Hellenic 
Cadastre. It collects information on property objects, in order to 
cover the entirety of the Greek territory and according to its action 
plan, this information is in reference with the land-parcel and is 
analyzed on the two dimensions of the real objects. In this section 
the role and the operation and the progress of the HC are 
described and also the data model used today is presented. 
However, registering property objects in the three-dimensional has 
become an imperative need in order to optimal reflect all optimal 
complex cases of the multilayered reality of property rights. 
Especially in urban built-up areas where the third dimension will 
display the allocation of ownership rights in the vertical component 
sufficiently. However, implementing the 3D concept in the present 
 Cadastral system does not imply the establishment of an absolute 
three-dimensional registration system, which is not currently 
feasible. Greece has many special cases that require 3D 
registration and representation and they are explored in this 
section; for instance the Special Property Right Objects [SPRO] are 
presented together wit they way they are faced today. 
 
o Proposed model for land management in Greece based on LADM. 
For the last section, the matching the HC data model classes with 
the corresponding of the LADM is presented. The in-house data 
model of NCMA is not based on international standards and the 
proposed model based on ISO 19152 is a research proposal with a 
broader perspective than the HC. Today, the NCMA S.A. develops a 
system based on land parcels of the country, including their 
geometric description and ownership status as well as additional 
information needed for administrative, technical and economic 
activities. The proposed model, apart from this information, includes 
the zoning plans, the parcels with archeological interest 
separately, the utility networks as well as the marine parcels, 
which today are not registered in a cadastral system. The scope 
of this model is to create a 3D multipurpose system where all the 
geographical information that can participate in a transaction will 
be registered, grouped and managed optimally. Therefore, the 
classes of the conceptual model are described together with the 
corresponding code lists for each class. Extra attributes and 
external classes are added in order to represent the Greek reality. 
For the creation of the code lists deep investigation of the existing 
situation took place and then values are added to represent the 
future developments. Last but not least, the concept of levels at 
the conceptual model is introduced, in order to better organize the 
information in thematic coherent groups. 
1.4. Overview of the thesis 
 
Chapter 1 (this chapter) presents the motivation and background of this 
research, specifies the objectives and the scope of it and presents the 
methodology approach that was followed. The second chapter introduces the 
concepts of land administration and cadastre, the 3D cadastre and the different 
aspects of it. Additionally, the related research that has been conducted for 3D 
Cadastres is revised, emphasizing at the need for the third dimension and 
discusses the state-of-the art and the future trends of the data storage, data 
visualization and semantic information in 3D. 
The next chapter gives an overview of standardization process in the field of 
land administration the last years. Different standards are presented and their 
need is described. The research focuses more on ISO 19152 LADM, its structure 
and the reasons, which lead to its selection as basis for the development of the 
Greek profile.  
Moreover, at the fourth chapter the international experience in this field is 
presented. In order to place this research in an international context, several 
characteristic country profiles based on LADM - mostly focused on 3D- are 
described.  
Chapter 5 includes an overview of the Hellenic Cadastre project. The 
organization, the data model that is now used for the registration and 
maintenance of the cadastral information and the progress of the outgoing 
project for completing the HC are described. The last part of this chapter deals 
with the characteristic cases in Greece that require three-dimensional 
visualization, which enables their locationon,beloworovertheearth’ssurface. 
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Last but not least, in chapter 6, the proposed model for a 3D multipurpose 
cadastre for Greece is presented. In the beginning, the matching the HC data 
model classes with the corresponding of the LADM is presented. The scope of 
this model is to create a 3D multipurpose system where all the geographical 
information that can participate in a transaction will be registered, grouped and 
managed optimally. Therefore, the conceptual model is described in UML 
diagrams and its classes are described together with the corresponding code 
lists for each class. 
Finally, conclusions and recommendations for further development are 
presented at the last section and emphasis is given at proposals for the 
implementation and test of the performance of this model. 
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2.1. Cadastre and Land Administration 
 
Driven by sustainability and economic objectives, many cities around the 
world are moving towards complex vertical multi-unit and multi-functional 
developments [e.g. King, 2004; Adam, 2008, 2012]. Operationally, this adds an 
additional layer of complexity to the management of these structurally complex 
buildings. Consequently, these developments and their RRRs challenge current 
land administration practices, particularly where the management of RRRs is 
based on the concept of a land parcel [Ho, 2012]. 
In response to the complexities of understanding and managing 
contemporary urban spaces, creation of new land administration systems 
utilizing 3D technologies and 3D digital information has increased. It is clear that 
according to the local situation, the land market requirements, the legal 
framework, and technical possibilities and limitations of each country, cadastre 
and LAS are defined and used in different ways. 
In this section, useful definitions of cadastre, land administration and land 
administration systems are further clarified. 
2.1.1. Land administration 
 
All countries have to deal with governing the land. The operational 
management concept is the range of land administration function that include 
the areas of [see Figure 2.1]: 
 Land tenure [securing and transferring rights in land and natural 
resources], 
 Land value [valuation and taxation of land and properties], 
 Land use [planning and control of the use of land and natural 
resources] and 
 Land development [implementing utilities, infrastructure and 
construction planning]. 
The four functions interact to deliver overall policy objectives and they are 
facilitated by appropriate land information infrastructures [cadastral and 
topographic datasets, etc.] and supported by sophisticated Information and 
Communication Technology (ICT) models [FIG, 2014]. Across land administration 
literature, there is widespread acknowledgement that land administration 
systems [LAS] reflect the relationship that people have with land. 
The term Land Administration was defined by the Nations Economic 
}ommission for urope to be “the processes of determining, recoding and 
disseminating information about the tenure, value and use of land when 
implementing land management policies. It is considered to include land 
registration, cadastral surveying and mapping, fiscal, legal and multi-purpose 
cadastreandlandinformationsystems”.tisrecognizedthatlandadministration
and LASs are state responsibilities, but there can be many areas where the 
private sector is involved. [UNECE, 1996; Lemmens, 2012]. 
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Figure 2.1: A global land management perspective [Williamson et al., 2010].  
 Land administration is defined as the process run by the government using 
public or private sector agencies related to land tenure, land use, land 
development and land value, according to Williamson et al. [2010]. LASs are 
essential for land management. They are considered as an infrastructure for 
implementation of land management policies in support of sustainable 
development. 
As shown in Figure 2.2, the ultimate objectives of land administration are 
sustainable development using current land policy and the corresponding 
instruments. This determines how a government can provide access to land, 
offer tenure security, regulate the land market, implement land reform, protect 
the environment and levy land taxes [Adeniran, 2014].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Global land administration perspective [Adeniran T., 2014]. 
In most less developed countries the legal framework for land administration 
reflects colonial times and often serves only the elite. The processes for land 
registration are complex, costly, time consuming and with high demands for 
accuracy of boundary surveys. The existing legal framework is therefore often a 
significant barrier for implementing a flexible approach to building land 
administration systems and the underlying spatial framework. 
The spatial framework is the basic large-scale mapping showing the way land 
is divided into smaller spatial units for specific use and occupancy. It provides 
the basis for dealing with land administration functions such as: recordation and 
management of legal and social tenure; assessment of land and property value 
and taxation; identification and management of current land use; planning for 
future land use and land development; delivery of utility services; and 
administration and protection of natural resources. 
The Social Tenure Domain Model (STDM) supports the continuum of land rights. 
It is flexible and enables all legal and social tenure rights to be captured 
[FIG/GLTN, 2010]. 
In conclusion, it has to be emphasized that as LAS covers land registration 
and cadastre. The combined process is called land administration and a LAS is 
the environment in which this process takes place. Processes include 
adjudication [the juridical and technical procedures to document land rights], 
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establishment of and transaction on land rights and information provision. 
Information provision can support in multiple purposes: taxation, legal or tenure 
security, support of land market and mortgage industry, spatial planning and 
other [Bogaerts & Zevenbergen, 2001; UNECE, 1996]. 
2.1.2. Cadastre 
 
The definition of a cadastre has long been associated with a function as a 
repository of land and property related information (e.g. the Austro-Hungarian 
cadastre and the Napoleonic cadastre of the 19th century), whose original 
functions as tools of survey and census to produce registers of information 
are still relevant today. Definitions of modern cadastres however, are perhaps 
more aligned with the content of the information itself and its technological 
implementation. For example, Figure 2.3 [left] below shows the cadastre as a 
concept comprising individual pieces of information relevant to land and 
property, and the implementation of this concept is through the use of 
technology to link, integrate and visualize land and property information. At the 
right side, the individual pieces of information are exploited using the 
technologies required to support the physical representation of cadastral 
information in 3D. 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: The cadastral concept [FIG, 1995] and the adapted 3D cadastral concept [Ho et al., 2013]. 
Simpson [1976] refers to the cadastre as “a public register of the quantity, 
value and ownership of the land (immovable property) in a country, compiled to 
serve as a basis for taxation”.{registerofdeedsisa“public register in which 
documents affecting rights in land are copied or abstracted”. 
Apart from Simpson [1976] there is a common agreement that a cadastre can 
be used for different purposes. This means that both a legal administrative 
component and a geometric component are included. 
According to Henseen [1995] land registration and cadastre have the 
following meaning. 
 Land is an area of the surface of the earth together with the water, soil, 
rocks, minerals and hydrocarbons beneath or upon it and the air above it. 
 Land registration is a process of official recording of rights in land 
through deeds or as title on properties. It means that there is an official 
record [land register] of rights on land or of deeds concerning changes 
in the legal situation of defined units of land. 
 Cadastre is a methodically arranged public inventory of data concerning 
properties within a certain country, based on a survey of their 
boundaries. Such legal land objects are systematically identified by 
means of some separate designation. They are defined either by private 
or by public law. 
The cadastre as an engine of LAS is shown in Diagram 2.1. The diagram 
highlights the usefulness of the large-scale cadastral map as a toll by 
exposing its power as the representation of the human scale of land use and 
how people are connecter to land [Williamson et al., 2010]. 
  
Diagram 2.1: The "butterfly" diagram shows the cadastre as the engine of LAS and the means to implement the 
land management paradigm. The cadastral information forms a key component within the SDI as it supports 
each of the four land administration functions for delivery of sustainable development [Williamson et al., 2010]. 
The cadastre is defined as a register of land information by FIG [FIG, 1995]. 
This means that a cadastre is a parcel based and up-to-date land information 
system (LIS containing a record of interests in land (rights, restrictions and 
responsibilities). Additionally, it usually includes a geometric description of the 
parcel linked to other records describing the nature of the interests, the value 
of the parcel, and improvements on that, etc. [Lemmen, 2012]. 
Kaufmann and Steudler [1998] state that “Cadastre 2014”, is a worldwide-
recognized vision on Cadastre. Cadastre 2014 can give the answers to the 
questions of where and how much and who and how. It is mentioned that 
}adastre 2014 can replace the traditional institutions of “}adastre” and “and
egistration”asitrepresentsacomprehensivelandrecording system. 
To be able to meet all these requirements, the main tasks of current 
cadastres can be defined as: 
•oregister the legal status of and governmental restrictions on real estate: 
the persons who have interests in land; what the interests are [nature and 
duration of rights, restrictions and responsibilities]; on what land the interests 
are established [information on parcels such as location, size, value]; 
•oprovide information on the legal status of and governmental restrictions 
on real estate. 
To sum up, it has to be emphasized that LAS is a tool, or a number of tools 
that covers land registration and cadastre. This combined process is called 
land administration, which includes the establishment of, and transactions on 
land right and the juridical procedures to document property, use and other 
land rights [Lemmen, 2012]. 
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2.1.3.  3D Cadastre 
 
The ways society use and occupy space occur in multiple dimensions. 
However, the ways we manage and administer space relies on two-dimensional 
information representations. The legal ambiguity and administrative limitations 
inherent in such practices are becoming increasingly pronounced within land 
administration especially for urban areas. In response, a research domain has 
emerged, termed by specialists as “3D Cadastres”, to seek greater 
correspondence between the administration of legal land and property (parcel) 
boundaries and the reality of physical bounds of structures themselves 
[Kalantari & Stoter, 2013]. 
This research domain in this field is concerned with the “registration of the 
legal status in complex 3D situations” [FIG, 2012]. Within the International 
Federation of Surveyors (FIG) 3~ cadastres’ working group, the concept of 3~
cadastres with 3D parcels is applied in the broadest possible sense in order to 
comprise all the country-specific meanings of 3D Cadastres. Consequently, 3D 
parcels include land and water spaces both above and below the surface. 
However, each country should decide according to the needs and the 
legislation framework the types of the 3D parcels that should be registered [Van 
Oosterom, 2013]. 
The implementation of a 3D cadastre model in a country requires generation 
of 3D volumes representing either physical objects or volume parcels based on 
cadastral data [Stoter & Van Oosterom, 2006]. According to FIG [2010], a 3D parcel 
is a legal object describing part of the space, often related with a physical 
object that is also described in 3D with plane coordinates. In order to generate 
3~ real properties plane coordinates, real property units’ dimensions and 
semantic data are required. The realization of 3D cadastral models also requires 
sufficient elevation data, and therefore, cadastral legislation should introduce 
height measurement methods and requirements for 3D Cadastre modeling, e.g. 
Navraril & Unger [2011]; Sanecki et al., [2013]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4: Different 3D spaces in 3D cadastre [Ying et al., 2011]. 
Ying et al. [2011], introduce two conceptual classes to describe 3D space in 
China represented by 3D solid; the 3D land parcel and the 3D building space, as 
shown in Figure 2.4. A 3D (legal) building space unit can be associated with a 
physical construction and the description of the legal space focus on the 
homogeneity of the legal attributes [Karki et al., 2010].  
According to the literature, real property is defined as either a real or an 
ideal part of space, which constitutes an autonomous or an undivided multi-
 owned property right. It can be argued that all property units are in fact three-
dimensional, since a (2D) property unit may not consist solely of the land 
surface, but extends downwards into the earth and upwards into the sky. Thus, 
the three-dimensional aspect of the property does not concern the actual 
extent of the property unit, but rather the delimitation of it. It is therefore 
difficult to define the term 3D property, as noted in Paasch and Paulsson [2011]. 
3D property is often used as a general comprising term and the content of it 
differs between countries in their legislation. One description of it is real 
property that is legally delimited both vertically and horizontally [Paulsson, 
2007]. The concept of 3D property is therefore still a rather new form of land 
management, as it only exists only for a decade. However, there has been an 
increased interest in 3D property and ownership apartments, although the 
demand has not been as high as initially expected. The use of 3D property 
formation in land management is still to be seen as a supplement to the 
traditional 2D property formation [El-Mekawy et al., 2014]. 
There are many obstacles towards the adoption and use of the concept of 
3D property. Today, many countries have regulated or plan of regulating their 
legal and cadastral framework to accommodate 3D property issues. Although 
approaches concerning 3D property in each country differ, they share similar 
principles [Paulsson, 2012; Kitsakis & Dimopoulou, 2014]. 
For this research, 3D parcels will refer to 3D spatial units with right, 
restrictions and responsibilities attached to it, where ownership parcels should 
not overlap other ownership parcels [Van Oosterom et al., 2011]. This definition is 
different from the classical one, according to FIG [2011], where the land parcel is 
denoted as a pieceof‘land’withdefinedboundaries,onwhichapropertyright
of an individual person or a legal entity applies. 
The implementation of each one of the different types of 3D Cadastre models, 
serving the unique needs of each country, requires generation of 3D volumes 
representing either physical objects or volume parcels based on cadastral data 
[Stoter & Van Oosterom, 2006]. 
According to Kitsakis and Dimopoulou [2014], data that may be used to generate 
the 3D model of legal spaces and physical objects are presented, respectively 
in  
Table 2.1 and  
Table 2.2: 
LEGAL OBJECT Data Remarks 
Location  Planar 
coordinates [X, 
Y] on cadastral 
maps/database
s given in 
national 
reference 
systems. 
arth’ssurface
elevation is not 
always available/ is 
in low accuracy/ is 
in different 
coordinate 
systems. 
RRR Definition  Planar 
coordinates [X, 
Y] on cadastral 
maps/database
s given in 
national 
reference 
systems. 
 Descriptevely 
in 
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contracts/deed
s 
“patialxtents”  Descriptevely 
in 
contracts/deed
s. 
 Survey 
drawings. 
Isometric plans [3D] 
available in 
Common Law 
jurisdictions. 
 
Table 2.1: Data required representing legal spaces in 3D, [Kitsakis & Dimopoulou, 2014]. 
 
PHYSICAL OBJECT [PO] Data Remarks 
Parcel Location Planar coordinates [X, 
Y] on cadastral 
maps/databases, 
mineral cadastres  
available in national 
reference systems. 
 Varying 
accuracy, 
 Scanned or 
paper 
drawings 
may exist. 
PO Location Building footprints are 
recorded to the 
cadastral 
maps/databases in 
national reference 
systems. 
 Varying 
accuracy, 
 Scanned or 
paper 
drawings 
may exist. 
PO Dimensions Horizontal and vertical 
dimensions are 
available on building 
permit drawings 
No coordinates 
available. 
PO constituent parts  Can be found in 
building permit 
drawings. 
 In descriptive 
form in 
contracts/deed
s 
No coordinates 
available. 
Elevation and height data 
 ’s relative
heights can be 
obtained from 
cross section 
drawings. 
 Surfaces 
heights in most 
countries not 
recorded 
directly. 
 3D drawings 
mainly in 
Common Law 
jurisdictions 
and the 
Netherlands. 
 Z 
coordinates 
reduced to 
national 
reference 
systems. 
Infrastructure, utility 
networks 
Drawings, maps from 
utility owner, operator. 
Data cannot be 
easily obtained. 
 
Table 2.2: Data required representing physical objects in 3D [Kitsakis & Dimopoulou, 2014].. 
 
Condominium and strata titles 
  
“}ondominium” comes from atin.Domus means, “house” anddominum is the 
“lordorownerofthehouse”.hereforedominium signifies power or ownership 
(of a house). Con means “with”. ence condominium means “ownership [of a
house]with”[http://www.beforeyoubuyacondo.com/condovsstrata.html]. 
According to the UN/ECE Guidelines, condominium ownership comes in a 
variety of forms from multi-apartment buildings used exclusively for residential 
purposes to those that contain both residential units and space used for 
commercial purposes. It is a type of home ownership that allows an individual to 
own an individual unit in a large complex. The people who purchase these units 
own each and everything inwards from the boundary – which is the walls of 
their unit. The common areas include areas such as elevators, swimming pools, 
hallways, and other amenities that may be available. 
They may extend vertically as in tower blocks or horizontally as in terraced 
houses. Essentially such buildings have two components – privately owned 
units and jointly owned parts [for example service areas and equipment such as 
lifts, electricity and heating supply, etc.]. 
The right in freehold to a separate apartment in a tower block breaches the 
idea that land, as real property, extends from the center of the Earth to the 
infinite of the sky. The concept that the land is a single unitary object may work 
in legal theory but in practice it needs to be modified, especially in the case of 
ownership of individual apartments in a block of flats [UN/ECE, 2004]. 
“trata” is also derived from atin, but its origin is a little more obscure. 
Originally, stratum meant, “spread”, but by the time we see it associated with
condominiums in English, it was perhaps borrowed from geology where it is 
used to describe a layer in a rock formation. The plural of stratum is strata: 
“layers”. 
Apparently the Australian [New South Wales] legalprofessionadopted“strata”
in 1961 to cope with a new form of co-ownership of apartment blocks since such 
buildings have two or more “layers” or “strata”. o an owner of a ot and
undivided co-ownership in thecommonpropertywasgranteda“trataitle”. 
A few years later, British Columbia appropriated the term and much of the 
legislation from Australia, naming the first act the Strata Titles Act. As with the 
{ustralianstheterm“strata”wasextended to include townhouse type and bare 
land developments. Essentially, there is no difference between the terms condo 
and strata, unless you reside in Australia or British Columbia in Canada, where 
the term has encompassed townhouses within it [http://geniepad.com/posts/204-
what-is-the-difference-between-condo-strata-hoa-and-co-op-associations]. 
Those differences on the terminology, depending on the legislation 
framework of each country or area show that the need for a common 
terminology in the domain of land administration is urgent.  
Apart from the condominiums there are also other special cadastral types 
related to 3D; for instance the marine cadastre, which is described below. 
 
Marine Cadastre 
 
The interests of a nation do not stop at the land–sea interface. They 
continue into the marine environment. Therefore, the responsibilities and 
opportunities of governments to provide infrastructure for land and resource 
management extend to marine areas. This has brought with it an increased need 
to more effectively and efficiently manage marine resources to meet the 
economic, environmental, and social goals of sustainable development 
[Williamson et al., 2010]. 
The concept of the marine cadastre evolved to bring coherence to the 
various approaches. The design of the marine cadastre was influenced by the 
environmental movement and its effect on politics and society; by emerging 
technologies for realization and visualization of marine information and 
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boundaries; and by the need to deliver regional, rather than merely national, 
marine management. [Williamson et al., 2010]. The marine cadastre poses a whole 
range of questions, due to the different nature of the environment. The most 
important issues are: the inherently 3D nature of most marine rights, which 
makes a 2D definition of these rights legally inadequate, the fourth dimension of 
spatial data, the overlapping rights exist within a single locality [Sutherland, 
2005a]. So the marine cadastre can be considered as a special case of 3D 
Cadastre [Sutherland, 2005a; Sutherland, 2005b]. 
The concept of a marine cadastre is being considered by a number of 
countries, in order to address the issues and problems. Due to the complex and 
changing nature of the marine environment, there are currently several different 
definitions for a marine cadastre. Robertson et al., [1999] describe the marine 
cadastre as: 
“A system to enable the boundaries of maritime rights and interests to be 
recorded spatially managed and physically defined in relationship to the 
boundaries of other neighboring or underlying rights and interests”. 
Nichols et al., [2000] have a different understanding of the marine cadastre, 
introducing concepts of ownership and the need to record rights and 
responsibilities together with the boundaries. They describe the marine cadastre 
as: 
“A marine information system, encompassing both the nature and spatial 
extent of the interests and property rights, with respect to ownership, various 
rights and responsibilities in the marine jurisdiction”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5: The marine parcel [Sutherland, 2000]. 
The concept of a marine cadastre is being considered by a number of 
countries. In order to illustrate the relationship and interaction between marine 
rights and responsibilities, Sutherland [2000] has developed a conceptual 
diagram of the complex set of rights and controls offshore, showing the 
overlapping nature of relationships between stakeholders and the 3 dimensional 
nature of the ocean [Figure 2.5]. 
 {lsoamarinepropertymodelhaspresentedbyg’ang’aetal. [2004] [Diagram 
2.2. Since 1999 [Hoogsteden et al., 1999] the concept of marine cadastre has 
been present in Geomatics-related research and professional literature. There is 
a plethora of articles and papers on the subject of marine cadastre that deal 
with varying technical, institutional, legal and stakeholder issues. To name a few; 
Binns & Williamson, 2003; Fraser et al., 2003; Ng'ang'a et al., 2004; Fulmer, 2007; 
Nichols et al., 2006; Sutherland & Nichols, 2009; Rahibulsadri et al., 2014.  
Diagram 2.2: Marine property data model [g’ang’aetal.,2004]. 
2.2. Why 3D?? 
 
For 3D developments above and below ground, such as apartments, tunnels, 
bridges, utilities networks, etc. a 2D land parcel is no longer the appropriate 
basic spatial component of cadastral models for managing and modeling 3D 
information [Aien et al., 2013]. It should be replaced by 3D property object, as 2D 
cannot represent the complexity of 3D properties. 
The increasing complexity of infrastructures and densely built-up areas 
requires a proper registration of the legal status of real properties; both private 
and public. 3D properties allow the real property to be volumetrically delimited 
as discrete legal entities. It is a volume of space on, above or below the ground 
that defines and represents a particular right, restriction or responsibility [RRR] 
[Aien et al., 2013]. 
Current cadastral data models only represent legal objects, and do not 
integrate their physical counterparts. This trend is working well in 2D cadastres 
where the land parcels (legal objects) represent the corresponding physical 
land boundaries as well.  
However, in 3D cadastres objects are represented by physical structures 
such as walls, floors, and ceilings in the buildings, and are integrated so that 
the cadastral data model facilitates management and representation of 3D legal 
objects. This integration also maximizes the usability of 3D cadastres for 
additional applications such as property management and city space 
management [Aien et al., 2013]. 
It is important to realize that legal objects do not necessarily coincide with 
their corresponding physical objects mostly in cases of airspace and common 
properties [Lemmen, 2012]. In this case, a 3D cadastre can be used to reveal the 
differencesbetweenthetwo‘aspects’oftheobjectandtheconsequencesof
that. 
In this scope, a 3D cadastre can interact with other registrations, which 
offers opportunities, such as: the holders of infrastructure constructions will 
benefit from a clear registration of the location of the objects, since they have 
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definition of these rights legally inadequate. A marine property model is presented in 
Figure 15. 
 
 
Figure 15 A marine property model (after Ng’ang’a et al 2004). 
This marine property model, a 3D representation, presents a marine object in four 
physical layers: (1) sea surface, (2) water column, (3) seabed and (4) seabed 
subsurface. The marine object contains natural resources, which can be living or non-
living. The marine object has certain interests associated to it – each physical layer 
that makes up the marine object can have a (legally recognised) right, restriction or 
responsibility associated to it. As an example, existing rights to fish certain species in 
the water c lumn in a designated marine reserve may remain unaffected (although 
certain quotas might apply), while fishing ctivities that damage the seabed ma  be 
altogeth r forbidden. Interests can be categorised ccordi g to the type of la s that 
recognise their existence. Interests are based on laws, which can be formal (Fisheries 
Act) or informal (customary or aboriginal).  
 
 
2.8 T h  USA Cadastral Data Content Standard 
 
For the United States of America, a standard for cadastral data has been in 
development since 1990. The first version of this so-called Cadastral Data Content 
Standard (CDCS), under supervision of the Federal Geographic Data Committee 
(FGDC), appeared in 1996 (FGDC, 1996), with revisions in 1999, 2002, 2003 and 
2008. See FGDC (2003) and FGDC (2008). It defines a standard, that provides 
semantic definitions of objects related to land surveying, land records, and 
landownership information, “w ich will facilitate data shari g at all levels of 
government and the private sector and will protect and enhance the investm nts in 
cadastral data at all levels of government and the private sector” (FGDC, 2003; 
FGDC, 2008). Cadastral data are defined as the geographic (spatial) extent of past, 
current, and future rights and interests in real property, including the spatial 
PART I  Related research on 3D Cadastre /2 
 
 23 
more legal protection and better overview of other RRRs that may intersect. 
Moreover, the parties may be motivated to include more spatial information in the 
deeds when enabling 3D registrations. 
Moving a step forward, the time dimension is required to be able to recorded 
how the legal status of the objects changes during the time. In most cadastral 
registers, the time is representing by a versioning of the objects depicted by 
time-stamps that usually indicate the creation and the deletion of the object in 
the cadastral database, see Figure 2.6 [Döner et al., 2011]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 
2.6: Temporal concept - changes of state of a subdivision [Döner et al., 2011]. 
In addition to the above mentioned, there are other drivers to move from 2D 
and paper-based representation methods to 3D visualization of the cadastre.  
These include [Shojaei et al., 2013]: 
o Technology push: there are a rapidly increasing number of 3D 
visualization systems in many disciplines providing realistic 
representations of the world with real-time navigation; 
o Public demand: as people demand more access to information 
about their environment, they require effective means of 
communication that do not require specialized training; 
o Professional demand: nowadays, 3D visualizations are widely used 
in various applications such as architecture, urban planning, 
building development, and disaster management. Professionals are 
looking for compatible visualization systems for also managing 
ownership information in 3D;  
o Resource efficiency: land and property, as important resources, 
require modern management approaches for their sustainable use, 
especially in populated urban areas; and 
o Systems efficiency: 3D visualizations increase the functionality of a 
cadastre [Stoter & Van Oosterom, 2006]. 
Therefore, there is a need for effective and efficient systems for 
representing RRRs in 3D. Such a system has several parts: a data model for the 
information itself [Aien et al., 2013], a data format to support the data model, a 
database to manage data, and visualization tools for communicating, exploring, 
and representing the information. 
 
 2.2.1. What is the role of 3D Cadastre in the full life cycle in 3D? 
 
When considering the complete development life cycle of rural and, in 
particular, urban areas, many related activities should all support 3D 
representations. The exact definition of these activities differs from country to 
country, and their order of execution may differ.  
However, in some form or another, the following steps performed by various 
public and private actors, which are all somehow related to 3D cadastral 
registration, are recognized, according to Van Oosterom [2013]: 
 
1. Develop and register zoning plans in 3D. 
2. Register [public law] restrictions in 3D. 
3. Design new spatial units/objects in 3D. 
4. Acquire appropriate land/space in 3D. 
5. Request and provide [after check] permits in 3D. 
6. Obtain and register financing [mortgage] for future objects in 3D. 
7. Survey and measure spatial units/objects [after construction] in 3D. 
8. Submit associated rights [RR]/parties and their spatial units in 3D. 
9. Validate and check submitted data [and register if accepted] in 3D. 
10. Store and analyze the spatial units in 3D. 
11. Disseminate, visualize and use the spatial units in 3D. 
 
Several of the above mentioned activities and their information flows need to 
be structurally upgraded from 2D to 3D representations. Because this chain of 
activities requires good information flows between the various actors, it is 
crucial that the meaning of this information is well defined.  
It is important to reuse existing standards as a foundation and to continue 
from that point to ensure interoperability in the domain in our developing 
environment! 
 
2.3. Needs and opportunities for 3D Cadastre 
 
A little more than a decade ago, Stoter and Ploeger [2002] stated that there 
is competition for space, especially in the cities, with increasing population and 
more advanced space-demanding activities that have to share space within the 
same traditional two-dimensional property unit. Many complex situations where 
there is a need to separate the ownership within an existing parcel and its 
space can be found [Stoter & Ploeger, 2002]. 
The use of 3D property rights has for many years been a tool for providing 
secure and lasting rights for the use of space and has become a common 
feature internationally [see e.g. Paulsson, 2007]. In order to efficiently manage 
these complex situations of ownership - and other RRRs associated with land, 
water and air - the procedures for 3D property formation and registration also 
have to be addressed. 
According to previous studies and the community needs, digital 3D cadastres 
can provide important information for different aspects of land management. The 
information related to land and the owners is complicated, sometimes even 
insufficient and difficult to keep on track. Cadastres with 3D information facilitate 
registration of 3D property rights and represent the spatial extent of ownership 
boundaries in the third dimension of height where layered and stratified 
ownerships exist. Residential multi-unit and high-rise developments and complex 
apartments are becoming more and more popular, as they accommodate people 
and businesses. [Aien et al., 2013]. 
Especially in metropolis with dense population, the development of land use 
has promoted the land parcels to be subdivided in 3D space according to 
certain property rights. This results in 3D parcels above or below the land 
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surface and the management of that becomes an urgent task for the 
government of each country [Ying et al., 2011]. 
In addition, they support land development processes including issuing of 
permit plans in dense urban areas, which cross above or under other 
developments. Last but not least, they can be used as a basic layer to 
integrate with other information layers such as 3D city models (e.g. CityGML), 
Building Information Model (BIM), transportation, utility networks, land use, and 
delivery of services for different applications providing reliable information for 
decision makers. 
Moreover, pressure on land in urban areas has led to overlapping 
constructions [Figure 2.7 and Figure 2.8]. Cities require significant infrastructure 
above and below the ground in unique titles and arrangements, Even that the 
existing legislation can serve in a way the matching of these developments with 
the corresponding property rights; the cadastral registration still remains a 
challenge [Stoter, 2004].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7: Business district 'La Defense' in Paris, a road and a metro in the subsurface intersect buildings and 
plazas [Stoter, 2004]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.8: Example of drawing in strata titles [Stoter, 2004]. 
In addition, 2D survey plans [even with stratum boundaries specified] are no 
longer able to represent the reality of the inter-related titles or deeds with their 
complex rights, restrictions and responsibilities [see Figure 2.10]. On the other 
hand, tooltips to display attribute data [Figure 2.9] are very useful for the 
representation of RRRs. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.9: Tooltip to display attribute data [Shojaei et al., 2013]. 
 
Figure 2.10: High rise building and its 2D representation in a land subdivision plan [Rajabifard et al., 2012]. 
The complexities described above are not new. However, they have become 
more obvious the last year. This is due to the fact that complex buildings and in 
general 3D situations have been occurring much more often the last decades 
than previous years. For instance, the number of pipelines and cables has 
grown, many tunnels and highway intersection have been built and the 
complexity of multi-purpose constructions has increased rapidly. 
Taking also into account that people today want to know and have ensured 
the legal status of the property through registrations and demand high-
accuracy in the boundaries; the need for a 3D cadastre is urgent. 
According to Stoter [2004], the basic needs for a 3D cadastre can be 
summarized as: 
 To have a complete registration of 3D rights. Rights that entitle 
persons to volumes, explicitly. 
 To have a good accessibility to the legal status of stratified property 
including 3D spatial information, as well as restrictions at the 
legislation framework. 
The scope of a 3D cadastre depends on each country and its limitations and 
opportunities. To ensure legal security and support development, a 3D cadastre 
can benefit from other domains that develop towards 3D and vice versa, since 
3D data can be exchanged.  
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A link with external databases containing objects of interest for the cadastre 
[monuments, forest protection zones, etc.] is needed. The update on the 
external databases should be synchronized with the cadastral database in 
order to avoid loss of information and inaccuracies. Linking different 
registrations and linking different databases can be established by the set-up 
of a well-working national Spatial Data Infrastructure (SDI). 
 
2.4. Conceptual models of 3D Cadastres 
 
Stoter J. [2004] introduced three concepts to register 3D situations, 
depending on the way that the term “3~ cadastre” can be interpreted ranging 
from a full 3D cadastre supporting volume parcels to the current situation with 
limited additions of 3D information. The three proposed conceptual models are: 
 
2.4.1. Full 3D cadastre: 
Introduction of the concept of rights in 3D space. Rights and restrictions are 
explicitly relates to volumes, defined in three-dimensional space. This situation 
requires change in the legislation, technical and cadastral framework. Two 
alternatives are distinguished for the full 3D cadastre. 
o Alternative 1: Combination of infinite parcel columns and volume 
parcels. – Combined 2D/3D alternative. This requires conversion of 
the conventional representation of parcels into 3D. Two types of 
real estate objects are distinguished: infinite parcel columns [which 
still apply in 2D] and volume parcels. 
o Alternative 2: only parcels are supported that are bounded in three 
dimensions [volume parcels]. – Pure 3D cadastre. The only real 
estate object is the parcel volume [bounded in all dimensions]. 
 
2.4.2. Hybrid cadastre: 
Preservation of the 2D cadastre and integration of the registration of the 
situation in 3D by registering 3D situations integrated with 2D cadastral data. 
This result to a hybrid solution, where both 2D parcels and 3D registrations is 
included. As shown in Figure 2.11, the 3D representation can be either a volume 
to which a person is entitled [Alternative 1] or a physical object itself [Alternative 
2].  
 
The juridical and cadastral concept of ownership is not changed as in full 3D 
cadastre. RRRs are always registered on 2D parcels. The difference with existing 
2D cadastres is the way RRRs are registered and visible in the cadastral 
registration. 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.11: UML class diagram of the hybrid cadastre [Stoter, 2004]. 
o Alternative 1: registration of 2D parcels in all cases of real property 
registration and additional registration of 3D legal space in the 
case of 3D property units. It implies that the 3D registration of 
rights that are already registered and that are concerning 3D 
situations using 3D right-volumes. The parcel is the starting point 
of registration. 
o Alternative 2: registration of 2D parcels in all cases of real 
property registration and additional registration of physical objects. 
The physical object is the starting point of the registration. 
 
2.4.1. 3D tags linked to parcels in current cadastral registrations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.12:UML class diagram of 2D cadastre with 3D tags [Stoter, 2004] 
As depicted in Figure 2.12, this concept means preservation of the 2D 
cadastre with external references to representation of 3D situations. It is the 
solution that requires the least fundamental changes of the current cadastral 
concept. This is due to the fact that real rights are always established and 
registeredon 2~parcels. n addition to the ‘3~tag’ ontheparcel, a reference
can be added to a legal document or to a drawing that illustrates the situation.  
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2.5. Different aspects of 3D Cadastres 
 
3D cadastres have many different research aspects. The research trends in 
this area of cadastral research supports this: in their survey of topics in 3D 
property research over a ten year period from 2001 [see Figure 2.13 below], 
Paulsson and Paasch [2011] found that institutional topics (i.e. legal and 
organizational) accounted for only 30 per cent (31 instances of primary 
research) of all research. Of this, the research was almost overwhelmingly [just 
over 90 per cent] focused on legal aspects, with few instances of primary 
research being conducted on the organizational aspects in support of 3D 
cadastres.  
 
 
Figure 2.13: Distribution and break down of the surveyed 3D research publications and topic distributions 
[Paulsson & Paasch, 2011]. 
This means that a 3D Cadastre that best depicts the reality including all the 
special cases is regarded as a tool for development in the field of land 
management. In order to achieve that, the technical, legal and institutional 
aspects of each country should be harmonized and cooperate [see Figure 2.14]. 
 
 
Figure 2.14: Basic aspects of 3D Cadastre that need to cooperate [Aien et al., 2011].  
 2.5.1. Legal aspects of 3D Cadastre 
 
Legislation is a foundation of 3D property. Without proper legislation, 3D 
properties cannot be formed [Jenny et al., 2013]. Legislation is a significant issue 
of 3D cadastre and many researchers stress in this domain [Dimopoulou, 2013; 
Gerhard, 2013]. 
The literature supports the need for 3D property to be established 
administratively, i.e. provided with legal status and establishes its relationship 
with other RRRs. Inherent in the establishment of rights is the issue of 
registration and the instruments that support the ability to unambiguously 
define the extent of rights. 
Therefore, the legislation framework of each country must support the 
geometric definition and location of these RRRs in a clear and consistent 
manner. This requires some prescription [legal or regulatory] to standardize 
methods for the definition of 3D property RRR boundaries and to locate its 
position relative to boundaries of other RRRs. The introduction of a vertical 
dimension is therefore logical and facilitates the definition, representation and 
relationship of s in strata objects, i.e. “rights with 3~ characteristics” [Van 
Oosterom et al., 2011, p.17]. 
In general, the legal issues found in the literature, mostly concerned the 
concept of 3D property [e.g. Stoter & Zevenbergen, 2001; Fendel, 2001; Stoter, 
2004; Paulsson, 2007; Paulsson, 2008; Karki et al., 2010], as well as on how 
current legislative frameworks support autonomous registration of 3D property 
[e.g. Stoter & Zevenbergen, 2001; Huml, 2001].  
There is international variance across what constitutes stratified RRRs, but 
Paulsson [2007, p.32] has defined the main types to be: 
o independent 3D property,  
o condominium [apartment ownership],  
o indirect ownership and  
o granted rights.  
Those four categories reflect diversity in perspectives and land policies in 
different countries and cities towards ownership, boundary definition, property 
management and common property [Paulsson, 2012]. 
Moreover, in some countries there is no doubt that legal reform is required 
either for including the 3D property as a term and define ways to manage it, 
wither because 3D property already exists but cannot be established as a 
secure entity, either because the legislation framework does not cover future 
developments mostly due to legal ambiguity, 
For instance, in Finland, where 3D property cannot be formed, the use of 
alternative methods of registration and RRRs definition circumvents this issue 
[Vitikainen and Hiironen, 2012]. Some other countries have already undergone 
recent reform to the legislation framework to support 3D property; which has 
been beneficial in providing greater clarity. For example, China introduced a new 
property law in 2007 to support 3D properties and associated rights and 
Hungary enacted legislative modifications in 2011 to current acts to ensure 
clarity on the legal establishment and definition of 3D property and associated 
rights [Iván, 2011]. 
However, very often it is unclear whether and if yes, what kind of reform is 
required. In order to overcome the limitations of 2D cadastral systems, many 
countries establish 3D properties by using existing juridical boundaries of the 
base 2D land parcel eg. the Netherlands and Australia [e.g. Stoter & 
Zevenbergen, 2001]. A recent comparative study by Dimopoulou and Elia [2012] 
looking at the function of land law in Greece and Cyprus relevant to RRRs also 
provides another potential situation where legislative reform lies in a grey area: 
in this instance, customary traditions that bestow 3D property rights are still 
practiced even though they contravene the civil code. 
As more and more countries move towards developing prototype systems 
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and implementing 3D cadastre pilots, it is becoming evident that legislative 
reform may not be as significant a factor for progress as once thought [Ho et 
al., 2013]. 
Addressing the primary issue of 3D property rights, current research shows 
that in many countries, legislation originally designed for managing 2D properties 
are flexible enough to accommodate 3D properties, as is the case in Sweden, 
The Netherlands, Queensland and Victoria [Paulsson, 2012; Stoter et al., 2012; Karki 
et al., 2013]. In addition, there can be little fundamental difference in the 
registration of 2D or 3D properties and their resulting legal status [Sandberg, 
2001]. 
From all the above mentioned it is clear that the law can affect the legitimacy 
of 3D property in different ways, due to different reasons. The literature in this 
domain has mainly concentrated on issues best dichotomized as being 
addressed at the broad level of public or private law [Ho et al., 2013]. These 
include, but are not limited to: 
o the concept of a 3D property, its legal status and classification of 
associated rights [e.g. Stoter & Zevenbergen, 2001; Fendel, 2001; 
Stoter, 2004; Paulsson, 2007; Paulsson, 2008; Karki et al., 2010]; 
o questions raised over the legislative framework required to support 
autonomous registration of 3D property [e.g. Stoter & Zevenbergen, 
2001; Huml, 2001]; 
o jurisdictional legislative limits and considerations [e.g. Huml, 2001; 
Sandberg, 2001; Stoter & Ploeger, 2003; Papaefthymiou et al., 2004; 
Aien et al., 2011; Tan & Hussin, 2012]; 
o registration of real property vs. physical objects [e.g. Ossko, 2001]; 
o effect of public law on private rights [Navratil, 2012]; and 
o common property regimes [Paulson, 2012]. 
Figure 2.15 shows a graphical representation of the legal issues of 3D 
cadastres and their inter-relationships. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.15: Physical representation of legal issues in 3D cadastres [Ho et al., 2013]. 
It became apparent that many jurisdictions all over the world found an 
alternate path forward either within the bounds of its legal framework or in spite 
of it, given the immediate need for 3D property registration for the continued 
functioning of land markets. This challenges the dominant assumption within the 
3D cadastre research domain that attributes the lack of progress towards 
implementation as resting mainly on legal limitations.  
Ho et al. [2013] introduced institutional theory and a theoretical institutional 
framework for the impact that legal issues have in the implementation of 3D 
 cadastre. These were fundamental in reconceptualising the role that legislation 
plays, especially if considered as part of a broader landscape of institutional 
factors. Consequently, their research showed that the legal framework, 
regardless of its current level of support of 3D property registration, actually 
plays an enabling role in 3D cadastral implementation. This has less to do with 
the regulatory characteristics typically associated with the legislation, and more 
to do with understanding its broader social function as a means of shared 
sense making through the application of an institutional lens (with regards to 
new registration situations posed by complex 3D situations). 
More international comparative legal research should be conducted 
[Paulsson, 2012], although doing so may be very difficult because of the 
differences in national terminology. he current informative {nnexes  ‘‘egal 
rofiles’’and“}odeists’’ofthe19152,{~andtheegal}adastral~omain
Model [LCDM] as developed by Paasch [2012], may be used as starting or 
reference points in international legal research and development. 
 
2.5.2. Technical aspects of 3D Cadastres 
 
Apart from the administrative and legal issues of the 3D Cadastres, the 
technical issues are very important and also challenging. The need to handle 
spatial data in the third dimension is growing and providing the spatial extend, 
DBMS and visualization environments have been challenged by the third 
dimension.  
The generation of 3D cadastres should take into account existing 
communication protocols and standards for modeling, data storage and 
representation. Towards this direction, many prototypes, pilot programs and 
proposals for visualization have been conducted the last decade. 
There have been huge amount of data that show what 3D objects look like 
but they usually consist of individual faces. Real geometric 3D body is required 
to describe the true 3D characteristics of the objects. According to Ying et al. 
[2011], at least three aspects should be clearly presented in order to manage 
the 3D parcels correctly: 
1. The precise geometric model that describe the shape and geographic 
location of various 3D parcels, mainly based on sets of flat faces. 
2. A solid model that indicates its entire boundary faces with orientation to 
present the corresponding 3D parcel object. 
3. The topological relationships that encode the information about the 
adjacencies among the solids/parcels shared common faces to keep the 
consistenceoftheobjects’geometries. 
 
The same authors create a 3D topology based prototype of ISO 19152 LADM, 
where some topological queries and operations can be performed [see Figure 
2.16]. 
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Figure 2.16: Topological query [Ying et al., 2011]. 
 
I. Data storage 
 
DBMS have been traditionally used to handle large volumes of data and to 
ensure the logical consistency and integrity of it. Geospatial databases have 
been used for years in the geospatial industry and offer numerous advantages 
such as scalability, security and standardization. For years, spatial data used to 
be organized in dual architectures consisting of separated data management for 
administrative data in a Relational DBMS (RDBMS) and spatial data in a GIS. This 
approach usually results in inconsistencies; for instance, if the attributes of a 
record are deleted from the database, there is no check that the spatial 
component of this record will also be deleted from the GIS. A solution to that 
problem was to use a layered architecture, in which all data is maintained in a 
single RDBMS. 
Presently, most DBMS offer spatial data types and spatial functions usually in 
an object-relational spatial extend to RDBMS [Zlatanova & Stoter, 2006]. Storing 
spatial data and performing spatial analysis can be completed with SQL queries. 
Integrated queries on both spatial and non-spatial parts of features can be 
executed at the database level. The spatial data types and spatial operations 
reflect only 2D objects, though embedded in 3D space. This support of 3D/4D 
coordinates allows for alternatives in management of 3D objects. 
A number of experiments were performed by several researchers to 
investigate possibilities to store, query and visualize features with their 3D 
coordinates in mainstream DBMS; Oracle, PosrGIS, MySQL, IBM, Ingres and Informix 
[Arens et al., 2006; Stoter & Zlatanova 2003; Pu, 2005; Zlatanova et al., 2002; 
Zlatanova et al., 2004]. Zlatanova [2002] summarizes the conclusions of those 
experiments into two categories; good and bad news. The good new is that 3D 
data can be organized in DBMS, retrieved and rendered by front-end 
applications. However, there since no 3D data type is currently supported by 
any DBMS, the user remains self-responsible for the validation of the objects 
and for implementing true 3D functionality. 
In particular, all the above-mentioned DBMSs offer 2D data types (basically 
points, lines and polygons) and also support 3D/4D coordinates (except Ingres, 
which is 2D) and offer a large number of spatial functions usually compliant with 
the OGC standards. Most of the functions are only 2D, apart from PostGIS, which 
supports 3D spatial operations. 
 Two types of models have been examined in many studies across the 
literature: topological and geometrical. Topology is one of the mechanisms to 
describe relationships between spatial objects and it is the basis for many 
spatial operations. The geometrical models are easier to implement. Several 
DBMSs, such as Oracle, IBM, Ingres and DB2, support spatial objects organized in 
geometrical models. Some of them even follow the Open GIS standards. 
In addition, many GIS and CAD packages, such as MapInfo, ArcGIS and AutoCAD 
use geometrical models of DBMS [Zlatanova et al.,2002].‘eal’and‘complete’3~
objects and their corresponding functions cannot be implemented today by 
most of the geometric types supported by DBMS. Usually, 3D spatial objects can 
be displayed as 2D objects with 3D coordinates, but the spatial operations are 
limited to 2D [Zlatanova et al., 2004]. 
A number of topological models for 2D and 2.5D spatial objects have been 
implemented, or are under consideration by GIS and DBMS vendors. Compared to 
geometrical models, the development of topological models is much more 
complex into the 3D dimension. 3D topology is still being researched as the 
third dimension introduces many issues in representing the objects and their 
relationships. Also, the suitability of topological models in 3D for different 
applications varies, as there is not one 3D topological model that is suitable for 
all types of applications. According to Zlatanova et al. [2004], there are two main 
groups of data structure found in the literature: those that maintain objects (OO 
– object-oriented) and those that maintain relationships (topology-oriented). 
The most discussed 3D objects that are supported in the DBMS mentioned 
before are usually volumetric objects. The data types that can be used from 
the user to manage them in a database are polygon and multipolygon or 
creating a used-defined data type. For a simple volumetric object, polyhedron 
[consisting of arbitrary number of planar polygons which have arbitrary number 
of points], triangulated polyhedron [consisting of arbitrary number of triangles] 
and tetrahedron [consisting of four triangles] can be easily realized with 
provided data types. Each one of them has its own advantages and 
disadvantages and the selection depends on the end product. Apart from them, 
3D line objects are used to represent utility networks [lines with 3D 
coordinates] using the supported spatial data types line or multiline. 
Additionally, 3D point objects, which are massively used the last years due 
to the advances of sensor technology, which produce large amount of specific 
3D point data [point clouds] are included into the DBMS. They can be organized 
either by using the supported spatial data types point [Figure 2.17] and 
multipoint or creating a user-defined type.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.17: 3D visualization of point clouds, managed as points in DBMS [Zlatanova, 2004].  
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Last but not least, freeform curves and surfaces such as NURBS, B-spline 
and Bezier, are becoming progressively important for modeling 3D objects 
[Figure 2.18].  
 
Figure 2.18: NURBS building retrieved from DBMS [Zlatanova, 2004]. 
A 3D cadastre system is not only about managing 3D property features with 
geometry and attributes. Many other documents, such as legal documents, 
urban plans, as well as scanned deeds and plans, are all part of the cadastral 
record and require efficient management processes. These documents are in 
different forms such as PDF, doc, txt, and tiff files, and are frequently managed 
with content management systems. One major benefit of managing these 
heterogeneous documents is the ability to integrate them with geospatial data. 
This can be achieved by associating spatial locations with these documents. 
Therefore, documents can be represented on a map and found through a spatial 
query. 
Another way to integrate images and documents is to link them to existing 
spatial objects such as a cadastral parcel. Figure 2.19 shows documents 
managed within Bentley Geospatial Server consisting of a tree-viewer, which 
supports navigation through the data and an interface showing the 
representation a 2D representation of the data [top view of a 3D model] [A 
Bentley White paper, 2011]. 
 
 
Figure 2.19: Managing different documents using Bentley Geospatial Server [A Bentley White paper, 2011] 
 
II. Visualization 
 
Visualization issues in the context of implementing 3D Cadastre systems was 
one important outcome identified at the 1st 3D Cadastre workshop [Fendel, 2001]. 
 During the last decade a number of research activities in the field of 3D 
cadastral visualization have been reported and various prototype systems have 
been developed [Frédéricque et al., 2011; Hassan & Rahman, 2010; Jarroush & 
Even-Tzur, 2004; Stoter & Zlatanova, 2003]. A general architecture for 3D 
cadastral visualization systems is presented in Diagram 2.3. 
The current status of visualization in 3D cadastre was addressed by Pouliot 
[2011] and important issues and problem such as preconditions for data 
visualization, new realities which influence 3D visualization, purposes of 
visualization, users, and technical problems were discussed and some solutions 
proposed [Shojaei et al., 2013]. At that time, no specific recommendations were 
made about the requirements needed for the visualization of 3D parcels. 
Notwithstanding this research and progress, there is no fully operational digital 
3D cadastre in the world and existing functionality is limited to basic activities 
such as registering volumetric parcels [Van Oosterom et al., 2011]. Throughout the 
time, it was realized that data visualization requires the combination of a large 
variety of domains all converging to communicate a comprehensive and 
coherent message to human. 
MacEachren et al. [1992] defines Geo-visualizationas“…theuseofconcrete
visualrepresentations…tomakespatialcontextsandproblemsvisible, so as to 
engage the most powerful human information-processing abilities, those 
associated with vision”. or this field, the geometry [location, form, size and
orientation] and/or spatial distribution [patterns, trends and correlation] of 
geographic characterizes are the most important aspects that should be 
described. 
Various categories of geotechnologies exist such as Geographic Information 
System [GIS], spatial database management system [S-DBMS], Computer Aided 
Design [CAD], computer graphics, virtual reality, video games, web-based 
browsers [based on 3D Globes or not], mobile device [e.g. smartphone], or even 
simple viewer such Adobe Acrobat Reader [3D PDF]. Some progresses in GIS and 
S-DBMS have been made for 3D geovisualization. For instance, GIS now supports 
various categories of 3D spatial representations, manages levels of details [LoD] 
models or proposes enhanced import/export capabilities. CAD software already 
offers powerful capabilities for 3D visualization but they are currently improving 
the management of georeferenced and descriptive data, the integration of 
spatial standards and the on-the-fly creation of solids from faces [Pouliot, 2011]. 
In addition, Internet and Web offer today several options for 3D 
geovisualization. The beginning was made by the use of 3D globes, such as 
Google Earth and Bing Map, which contributed to the democratization of spatial 
data to a huge public. The development of Web browser usually requires user 
to install a plug-in, to provide better performance. HTML5 [by W3C], has already 
become a dominant technology on 3D visualization in browser. This is also 
related to mashups, solutions that integrate the concepts of tagged 
geographical data and API in order to enable the superposition of various 
sources of geospatial data. 
Pouliot [2011] refers to the most important reasons that we need 
development on the field of geovisualization, the technical problems that exist, 
the interoperable standards that should be used and also to the technologies 
that have been developed. At the moment, all those problems and challenges 
are taken under consideration and the geovisualization in is in early steps with 
pilot and prototype projects that try to represent the 3D aspects of the real 
property. Some applications and/or pilot programs were designed o 
demonstrate the feasibility and advantages of using 3D geo-visualization 
software for cadastre data, mainly focusing on the technical aspect, examining 
the possibilities of current technology [De Vries & Zlatanova, 2004; Miguel et al., 
2011; Aditya et al., 2011]. 
On the other side, according to the graphical semiology of Bertin [1983], the 
cartographical foundations of the visualization and the visual variables should 
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be studied. Until today, there is not so much literature in this topic. A 
preliminary experiment was conducted in 2012 by Wang et al., aiming to 
investigate which among the visual variables are more appropriate for geo-
visualization of 3D legal units in 3D Cadastres: position, size, color, orientation, 
shape, value and texture.  
One year later, Pouliot et al. [2013], conducted a second experiment about the 
semiology o 3D Cadastres, with notaries in the form of face-to-face interviews. 
The last experiment conducted in 2014 by the same authors [Pouliot et al., 2014], 
based on the hypotheses “ransparency is performing to distinguish two
groups of bounding objects such as physical and legal and to give the 
impression of ownership”. ome preliminary results have been published, but
additional results and data analysis are needed to get more investigation. 
A general architecture for visualization has been proposed by Shoiaei et al., 
2013 as depicted in Diagram 2.3. 
Elizarova et al. [2012], conducted one of the most complete pilot programs in 
this domain; where 3D cadastre model for the Russian environment was created 
based on the ISO 19152 LADM and a prototype was developed based on that 
model. In addition, a data preparation process for 3D cadastre on pilot was 
developed and the prototype was tested in conditions of a pilot region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 2.3: A general architecture for visualisation in 3D Cadastres [Shojaei et al., 2013]. 
The option of a polyhedral legal 3D cadastre based on the representation of 
3D objects as polyhedrons [volumes limited by flat faces] was selected as a 
working model. For technical implementation, a solution involving the existing 2D 
portal and linking it with a new 3D-Viewer was selected. It could display both 
the 3D objects and the legal cadastral information of these objects. The result 
was a Web-based interface, which can interact and query 3D cadastral objects, 
as shown in Figure 2.20. 
  
 
Figure 2.20: Interacting with 3D parcels - Floor 01 dragged outside of the buildings [Elizarova et al., 2012] 
The visualization and/or interaction with 3D cadastral parcels require more 
attentionandmaybequitedifferentfromthemore‘experienced’visualization of 
3D city models. 
According to Wang et al. [2012] the most specific key points when visualizing 
3D cadastral parcels are as follows:  
 How to visualize dense 3D volumetric partitions such as in a complex 
building because the first visible outside layer of 3D spatial units 
blocks a view of the others—solutions could be based on selections 
and the use wireframes and semi-transparent objects, showing cross-
sections/slices, or applying slide-out layer techniques as developed in 
the Russian prototype; see Figure 2.20. 
 How to display open or unbounded parcels,  
 ow to include the earth’s surface and/or other reference objects
[e.g., CityGML-like[ for 3D cadastral parcels,  
 How to provide the proper depth cues for subsurface legal spaces 
related to utilities [e.g., use stereo, perspective, movement/rotation, or 
connecting vertical sticks from a subsurface object to the earth’s
surface]. 
Another option was introduced by Aditya et al. [2011], who presented a 3D 
cadastre web solution in order to support data management and visualization. 
They concluded that a seamless integration between web database and 3D 
visualization components that are available in the market is not possible yet. 
The same authors emphasize the use of open source standards to facilitate 
data integration and visualization. For instance, KML format is capable to be used 
as an intermediate format for converting CAD data into spatial database. 
Regardless the limitation of the existing geo DBMS in storing 3D geometries, the 
presented solution, that proposes the use of KML and PostGIS, is considered to 
be sufficient to extend 2D cadastre geodatabase into 3D hybrid cadastre 
geodatabase. In this respect, hybrid cadastre refers to a solution that 
integrates 2D geometries of land parcels and 3D geometries of the property 
units [Stoter & Van Oosterom, 2004]. 
The use X3D format to present 3D objects with its associated attributes has 
a promising future to present 3D cadastre data. As presented in Figure 2.21, 
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terrain and buildings can be integrated and then be related to their 
corresponding attributes for web visualization [with X3D plug-in] using e.g. AJAX 
application framework. 
Further development is needed in order to make X3D as a GIS-ready platform 
to visualize and also analyze geospatial features via the Internet. Some 
constraints that need to be improved include inconsistent visualization of 3D 
objects and terrain data between one 3D graphics browser to other browser.  
Current open source software development and computer graphics 
technologies can be considered far from sufficient in enabling optimal online 3D 
data sharing and visualization. Challenges include insufficient support for spatial 
data types in spatial databases, immature 3D representation and data modeling 
of 3D space, inconsistent 3D representation detail and accuracy across 3D 
browsers. 
From the conclusions of this research, it can be stated that X3D format still 
has difficulties in dealing with parcels [especially those constructed from 
polylines] and 3D surfaces. Thus, 3D visualization options using open source 3D 
formats and browsers are still limited. 
As a consequence, the texture mapping of images into terrain surfaces or 
into 3D objects was considered not succeeded in this project. In contrary, 
tightly coupled 3D modeling and visualization using ArcGIS or Bentley 
Microstation [Frédéricque et al., 2011] software package provides high-quality 3D 
visualization results but it requires more hardware resources than using open 
source format and 3D browsers. Additionally, possibilities for full data 
interoperability are limited. 
 
Figure 2.21: Possible integrated visualization of X3D objects and attributes through web browsers utilizing X3D 
plug-in.  
 A recent developed prototype for Shenzen, China, is one of the most 
coherent and complete programs developed to meet the requirements of 3D 
land use. At first, the 3D cadastral system in China was focused in academic 
research, including geometry of 3D objects, compatible 3D data models, 
generating 3~ model data and 3~ topologies [uo et al., 2013]. {fter two years’
developments, the focus moves towards the implementation and forms a special 
model for 3D cadastral administration. 
 
 
Figure 2.22: Detailed design of 3D spatial data model. 
At the 3D spatial data model [see Figure 2.22], there exist three layers, the 
geometrics, the topological and the entity layer. In the geometric layer the basic 
primitives for constructing 3D solids are the geometric primitives; point, arc, 
polygon, TIN, TEN and volume. In the topological layer, the primitives for 
constructing 3D solids are topological primitives [node, edge, face and body] 
composed of geometric primitives. 
In the entity layer, cadastral entities [boundary surfaces, boundary curves 
and boundary points], which form property objects could also be, regarded as 
topological primitives combined with semantic information [Guo et al., 2012]. 
Moreover, a 3D cadastral database was created including the spatial 
database, the attribute database and the historical database, where both 2D and 
3D data are stored. In addition, a data-generating module is a significant module 
as it creates 3D spatial data with different ways, including both regular data 
[those which can be generated by extrusion] and irregular [solids which have 
concaves or holes]. 
Moreover, the 3D query platform and 2D platform are in a unified framework, 
which allow the visualization of a 3D scene, as depicted in Figure 2.23 and 
Figure 2.24. 
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Figure 2.23: The interface od 3D and 2D platform [Guo et al., 2013]. 
 
 
 
Figure 2.24:Query in 3D scene [Guo et al., 2013].  
 2.6. nD Modeling of Spatial Information 
 
Cities, and in general the urban environment, are dynamic living organisms in 
which the geographical information plays dominant role. The availability of 
spatio-temporal databases nowadays facilitate and enhance the use of geo-
information in many applications, also in the domain of land management. 
Undoubtedly, 3D geo-information has become a significant research field due 
to the increased complexity of tasks in many applications [Lee & Zlatanova, 
2009]. The existing technological developments (spatial databases able to hanfle 
huge amount of data, ISO standards for geo-information, data exchange formats, 
visualization environments for multiple directions, introduction of semantics in 
order to reduce complexity, etc) enable the registration and manipulation of 
more than 2 dimensions, regarding the spatial data. It is evident that a complete 
model consists also of non-spatial attributes which are even stored at the same 
database with the spatial or in different databases and their communication is 
enabled usually with unique identifiers. 
0D to 3D geometrical and topological characteristics of geo-data are the 
fundamental characteristics of the existing geographic information around the 
world. However, geo-information also has temporal aspects [e.g. when was an 
object valid in the database?] as well as scale components that were often 
implicitly taken into account when the data was collected.  
The different dimensional aspects highly correspond, e.g. a [possibly 
geometric] change may be only relevant for the highest scale of an object or 
understanding the route directions for a long car trip requires overview, but at 
specific locations consistent information at a higher scale, with also temporal 
information may be needed. Although scale is a well-known concept in the geo-
information technology domain, regarding it as an extra dimension of geodata, 
integrated with the other dimensions, is new [Van Oosterom & Stoter, 2012]. 
Until now different dimensions of geo-information have been studied in 
multiple initiatives, with sometimes limited support for the other dimensions. 
Although past research offers important knowledge on how to handle the 2D/3D 
dimensions, the time and the scale, individually, there is no modeling approach 
which truly integrates all those dimensional concepts. 
This was the driving force for Van Oosterom and Stoter [2012], who started a 
new research on a conceptual full partition of 3Dspace&time&scale [i.e. without 
overlaps and gaps] realizing it in a true 5D generic model. The methodology 
followed for this approach is presented in diagram 2.4. This true 5D approach 
provides a solid foundation for the GII for three core reasons:  
o The deep integration of all dimensional concepts accomplishes a 
highly formal definition of geo-data [with 5D data types and 5D 
topological primitives]. The associations between space, time and 
scale are fully addressed and no special cases need to be treated 
in another way. 
o The model enforces consistency crossing dimensional borders, 
which improves the quality of geo-data. 
o Optimal efficient 5D searching and maintenance can only be 
realized if a 5D data types and index/clustering is used. Otherwise 
the queries on the will first select space, then time and then scale 
[or in another order]. 
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Diagram 2.4: Workflow of research methodology for 5D modeling [Van Oosterom & Stoter, 2012]. 
Modeling different scales of geo-data is related to the “coarse-to-fine”
hierarchical structure of how we perceive, model and understand our 
environment. In some applications less detailed, but simpler data works better, 
especially when there is a need for an overview. In other cases very detailed 
data is required.  
  
 2.7. Conclusions 
To sum up, a 3D cadastre will assist in managing the effects of 3D 
development and increase the functionality of a multipurpose cadastre [Stoter & 
Oosterom, 2006]. It is important to realize that a 3D cadastre solution always 
depends on the local situation and is driven by user needs, land market 
requirements, the legal framework, and technical possibilities and there in no 
single best solution for a 3D cadastre. There are several questions that need to 
be answered for each country in order to investigate the special needs for 3D 
cadastre, according to Van Oosterom [2013]. 
For instance, are the types of 3D cadastral objects that need to be 
registered, related to real-world objects (buildings, utilities, or other 
constructions) or not (airspace of arbitrary subsurface parts). 
If related to real-world objects, how can the relationship between the 3D 
cadastral registration [legal spaces] and the registration of real-world objects 
be maintained within the context of the geo-information infrastructure (GII). 
Nowadays more and more countries are moving towards the concept of a 3D 
cadastre. After past research and prototype developments, a new era has 
arrived with the first implementations and pilot programs of the first 3D 
cadastral systems in operation. It helps in communication to use existing 
standards when available [such as LADM] and to further discuss terminology and 
concepts [Van Oosterom, 2012].  
As discussed previously, there are many 3D visualization systems for 
representing data in 3D, some researchers propose using CAD systems, other 
propose the use of GIS systems integrated with databases. However, these 
systems are still at a prototype level and require validation by users before 
being used in real applications [Pouliot, 2011]. Moreover, much work still need to 
be done for the definition of 3D RRRs, their storage and representation. 
Additionally, temporal aspects of geo-data is fundamental for recording or 
monitoring changes, for describing processes, and for documenting future 
plans. Recent researches have introduced 5D modeling, including the time and 
the scale as fundamental aspects of the geoinformation. The multidimensional 
modeling depends on the final result and also the available data and 
technology. In some applications less detailed, but simpler data works better, 
especially when there is a need for an overview. In other cases very detailed 
data is required.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.25: Vario-scaled: 
additional dimension [2D->3D] for topographic data [Van Oosterom, 2014] 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Standardization 
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Until today most countries (states or provinces) have developed their own 
LAS. Some countries operate a deed registration, while others operate a title 
registration. However, different implementations of LASs do not make meaningful 
communication very easy, e.g. in an international context such as within Europe 
or in a national context where it may happen that different partners in 
development co-operation design and provide different LASs without co-
ordination. Standardization is supportive and helpful in design and further 
development of LASs. 
After the development of domain-independent standards for spatial and 
temporal schemas for spatial features [including metadata standards], a next 
step is the standardization of domain-specific standardized models, as a basis 
for standardized (Spatial) Information Infrastructures, also known as the Geoweb 
– development. Examples include International Standards for land cover [ISO 
19144-2], Addressing [ISO 19160], Land Administration [LADM, ISO 19152], all within 
ICO/TC211. In addition, from OGC CityGML, GeoSciML, both based on GML3 are 
introduced and have a broader scope. Furthermore, at the European level, the 
INSPIRE directive has identified 34 different geo-information themes which should 
be harmonized.  
It is relevant to keep data and process models separated; this means that 
[inter-organizational] processes can be changed independent from the data sets 
to be maintained. The data model can be designed in such a way that 
transparency can be supported: this implies inclusion of source documents and 
inclusion of the names of persons with roles and responsibilities in the 
maintenance processes into the data model. The number of attributes should be 
minimal; during the design of the data model there may be lack of awareness 
that there is something like a “multiplier”: depending on the number of objects
and subjects each attribute can have millions of instances [Lemmen & Van 
Oosterom, 2013]. 
Standardization is a well-known subject since the establishment of LASs. It 
concerns identification of parcels, documents, persons, control points and many 
other issues. It also concerns the organization of tables in the registration and 
references from those tables to other components, e.g. source documents and 
maps. Coding and abbreviations; e.g. for administrative areas; workflows, 
definitions etc. are all part of the standardization process both for paper based 
and for digital LASs [Lemmen, 2012].  
|utwhatcangowrongifyoudon’thavestandards? 
Many things went well before standards were introduced. Greenway [2005] 
gives some examples of standards: the format of telephone and banking cards; 
the number of businesses implementing ISO 90003 [quality management] and ISO 
14000 (environmental management); ISO codes for country names and languages 
and so on. He states that this list points to the ubiquity of standards, but also 
begins to indicate the economic benefits that they provide. That is the 
confidence that things will work and will fit together. He quotes key findings 
froma{{5report[{{,2005]:“tandardslowertransactioncostsforsharing
geospatial data when semantic agreement can be reached betweentheparties”,
and“tandardslowertransactioncostsforsharinggeospatialinformationwhen
interfaces are standardized and can facilitate machine-to-machineexchange”. 
So, standards are, amongst other things, widely used because of efficiency 
and because of support in communications based on common terminology. One 
more issue is the LAS development on which many countries are working 
[Lemmen & Van Oosterom, 2013]. 
  
 3.1. Previous work in LA domain modeling 
 
FIG stated the importance of the Cadastre from an international perspective 
for social and economic development [FIG, 1995]: the development of such 
systems should be promoted internationally, with attention to the needs and 
demands of societies with customary and informal tenures. The different needs 
of each country are underlined and is agreed that the framework can support 
plethora of legal, technical, administrative and institutional options of a cadastral 
system; providing the record a continuum of land rights, from private to 
individual rights [Lemmen, 2012]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1:Land Administration Maturity Model [Van Oosterom et al., 2009] 
 
Van Oosterom et al. [2009], based on Nolan [1979] show how standardization is 
contributing to the fact that LA is considered more and more the cornerstone of 
the information infrastructure combined both spatial and non-spatial 
registrations. As depicted in Figure 3.1, a model is used to specify four different 
levels of maturity: standards, connected, integrated and networked. Every step 
gives higher value and efficiency and can be met after finishing the previous 
one. 
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3.1.1. Object – Right – Subject Model 
 
Henssen [1995] visualized the Object – Right – Subject relation in the model 
shown in Figure 3.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 : The triple "Object - Right - Subject" [Henssen, 1995]. 
Henssen explained with this model that land registration and cadastre  
usually complement each other, and that land registration focuses more on the 
relationship subject – right, whereas cadastre on the relationship object – right. 
Kaufmann and Steudler [1998] recognise the structure from Henssen [1995] and 
make clear the difference between a deed and a title system. The deed system 
is “man-related”, as a deed becomes legally effective when it is registered in the 
official land register in relation to the rightful person. 
On the other hand, the title system is “land-related” as the title is registered 
together with the indications about the rightful person in relation to the land 
objects [Figure 3.3]. 
  
  
 
Figure 3.3: Left: relation "man-land" in deed system. Right: Relation "man-land" in title system [Kaufmann & 
Steudler, 1998]. 
In Van der Molen [2003a], it is argued that when it is assumed that the 
world’scommunityissincerelyoftheopinionthatappropriate{sarerequired
for the eradication of poverty, sustainable development and economic 
development then it will be evident that attention should be devoted primarily to 
LASs of developing countries.  
Therefore, in these countries it will be necessary to adopt new concepts in 
the design of LASs in order to take more into account the dynamism of land 
tenure, the land market, and government intervention in private property rights. 
Traditional basic concepts [objects, subjects, and rights[ are already affected in 
three ways with regard to: 
 objects: spatial units other than accurate and established units; 
 subjects: group ownership with non-defined membership; 
 rights: the recognition of types of non-formal and informal rights. 
These new insights can be incorporated in a modification of the Henssen 
diagram presented in Figure 3.2 of the three basic concepts of LASs. The 
modified diagram is shown in Figure 3.4: 
 
Figure 3.4: Modification of the Henssen diagram [Van der Molen, 2003a]. 
The same author adds some remarks regarding groups and individual group 
members; the entity exercising the land rights is now defined as a community. 
However, the individual members of that group are not specified and their rights 
pertain to a relationship with the land that is in accoedance with the needs and 
standards of the relevant community.  
The object-right-subject model should be extendable to social tenure 
relationships: customary and informal rights [Lemmen, 2012]. 
The work of Kalantari [2008a], was based on the fact that LA with its existing 
digital systems is not flexible enough to accomondate new land related to 
interests as well as to respond to the increasing need of land information. 
According to him, LASs are not flexible for two reasons: 
 parcel based indexing of interests in land cannot accomondate 
interests that are not necessarily equivalent to the extent ofland 
parcels. 
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 the maintenance of ICT systems based on LASs is complex and 
expensive. Interoperability is an important issue that should be 
considered when enabling future LA by ICT. 
 
Kalantari proposes to replace the data model baesd on the physial land 
parcel by a spatially-referenced data model based on the legal property object, 
where every interest is uniquely combined with its spatial extent [see Figure 
3.5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5: The legal property object model [Kalantari, 2008a]. 
Consequently, the relation between interest and its spatial dimension is that 
they together are a unique entity in the real world [Lemmen, 2012]. 
 
3.1.2. The Continuum of Land Rights 
 
It is recognized worldwide, that the legal frameworks as used in developed 
countries do not serve the millions of people whose tenures are predominantly 
social rather than legal. This relates to the Continuum of Land Rights [Figure 3.6[ 
where the range of possible forms of tenure is considered as a continuum. 
Each continuum provides different sets of rights and degrees of security and 
responsibility and enables different degrees of enforcement [UN-HABITAT, GLTN 
2008].  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6: The continuum of land rights [UN-HABUTAT, GLTN 2008]. 
The development of LADM is based on user needs; comprehensive overview 
of requirements for the Land Administration Domain is available in [Lemmen, 2012]. 
Open markets and globalisation require a shared ontology allowing enabling 
communication between involved persons within one country and between 
different countries. One of the LADM requirements is the Continuum of land 
rights and the impact is described below: 
The Triple Object [Spatial Unit] – Right [RRR] – Subject [Party] is the common 
pattern for Land Administration and is the basic structure [Lemmen, 2012; 
 Lemmen & Van Oosterom, 2013]. Groupings of objects or subjects should be 
supported. The flexibility of the model should be based on the recognition that 
people’s land relationships appear in many different ways, depending on local 
tradition, culture, religion and behaviour.  
It should be possible to merge formal and informal tenure systems in one 
environment. Land rights may be formal ownership, apartment right, usufruct, 
freehold, leasehold, or state land. It may be social tenure relationships like 
occupation, tenancy, non-formal and informal rights, customary rights [which can 
be of many different types with specific names[, indigenous rights, religious 
rights, possession, or: no land rights. There may be overlapping tenures, claims, 
disagreement and conflict situations. This is an extensible list to be filled in with 
local tenancies - flexible and extensible coding of types of rights and 
restrictions, etc. is needed. People – land relationships can be expressed in 
terms of parties having [social[ tenure relationships to spatial units. This is in 
support to access land for all [UN-Habitat, 2008]. It is in support to LA 
requirements as in [FAO, 2012]. 
3.1.3. Cadastre 2014 
 
Kaufmann and Steudler [1998], presented characteristics of existing cadastral 
systems based on a research by a working group ision 2014 from ’s
Commission 7.The principle of legal independence is a key item in the realization 
of Cadastre 2014. This means that legal land objects, being subject to the same 
law and underlying a unique adjudication procedure, have to be arranged in one 
individual data alyer; and for every adjudicative process defined by a certain 
law, Figure 3.7. Besides, a special data layer for the legal land objects 
underlying this process has to be created. In addition, it is claimed that no 
lonking between layers is needed. A model per layer is valid, e.g. Figure 3.8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7: Structure of Cadastre 2014 [Kaufmann & Steudler, 1998]. 
Figure 3.8: Models for buildings as in Cadastre 2014. Parcels are in a separate layer; no links are needed 
[Kaufmann, 2004].  
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3.2. Spatial Data Infrastructure  
 
Many countries throughout the world are developing Spatial Data 
Infrastructures to facilitate better management of their spatial data by taking a 
perspective that starts at a local level and proceeds through state, national and 
regional levels to a global level. This has also resulted the development of an 
SDI hierarchy model in which each SDI at the local level or above is primarily 
formed by the integration of spatial data sets originally developed for use in 
corporations operating at that level and below. 
Spatial Data Infrastructure is an initiative intended to create an environment 
in which all stakeholders can cooperate with each other and interact with 
technology, to better achieve their objectives at different political/administrative 
levels. SDI initiatives around the world have evolved in response to the need for 
cooperation between users and producers of spatial data to nurture the means 
and environment for spatial data sharing and development [McLaughlin & Nichols, 
1992; Coleman & McLaughlin 1998; Rajabifard et al., 1999, 2000].  
 
Figure 3.9: Relationship between spatial data and the different level of SDIs [Rajabifard et al., 1999]. 
The way in which data is collected, stored, maintained and used reflects the 
institutional and technical background of that particular level or discipline. SDIs 
at different levels have different drivers that reflect the issues at each 
particular level and each level of development supports the higher level of 
development. In general, the various levels are a function of scale. Local 
government and state-level SDIs manage large- and medium-scale data, leaving 
national SDIs to manage medium- to small-scale data, with regional and global 
SDIs adopting a small scale for their activities [see Figure 3.9]. 
In addition to the vertical relationships between different jurisdictional levels, 
complex horizontal relationships within each political or administrative level need 
to be analyzed. The vertical and horizontal relationships within a SDI hierarchy 
are very complex because of their dynamic inter- and intra-jurisdictional nature. 
Users of a SDI thus need to understand all the relationships involved in the 
dynamic partnerships it supports levels and to coordinate spatial data initiatives  
[http://www.csdila.unimelb.edu.au/sis/Land_Theories/SDI_Hierarchy.html]. 
  
 An SDI is meant to help avoid fragmentation, gaps in the availability of 
geographic information, duplication of data collection, and problems of 
identifying, accessing, or using the available data. An SDI addresses both 
technical and non-technical issues, ranging from technical standards and 
protocols, organizational issues, data policy issues including data access policy, 
to the creation and maintenance of geographic information for a wide range of 
themes [Van Loenen, 2004]. 
The GSDI Cookbook [Nebert, 2001] defines SDI as the relevant base collection 
of technologies, policies and institutional arrangements that facilitate the 
availability of and access to spatial data. According to this definition, an SDI 
includes several components: 
 geographical information and attributes, organized in distributed 
repositories, 
 documentation of this information [metadata[, 
 a means to discover, visualize, and evaluate the data [catalogues and web 
mapping[, 
 some method to provide access to the geographical information, 
 a set of agreements with respect to technical [standards[, organizational, 
and legal issues to coordinate and administer spatial information and 
services on a local, regional, national, or transnational scale. 
Over the last decade, numerous initiatives have been taken to organize the 
coordination of SDIs on a European scale, either by financing targeted projects, 
or by establishing SDI coordination bodies and mechanisms on a voluntary basis. 
Despite these efforts, the fragmentation of spatial information in Europe has 
increased with increasing spatial data collection. 
The concrete elements of the Infrastructure for Spatial Information in Europe 
follow from the discussions with stakeholders organized through a range of 
working groups. The following elements are currently envisaged: 
 Coordinating structures at EU and Member State level, which organize the 
practical implementation of the Infrastructure for Spatial Information in 
Europe. 
 Metadata, which describe existing datasets held by public authorities 
[using agreed standards]. 
 A linked electronic network, which allows anybody to query, view free of 
charge, access, and trade the spatial datasets held by public bodies and 
made available on a voluntary basis by third parties from a single point of 
[electronic] access through a distributed communications network (the 
Internet, for example). 
 A range of standards for spatial datasets and services, which takes into 
account existing and emerging European and international standards, and 
translation services between existing datasets and these standards. 
 A data policy framework and a range of sharing agreements between 
public bodies ensuring that information is exchanged without barriers. 
 A framework for the monitoring the implementation of the Infrastructure 
for Spatial Information in Europe. 
INSPIRE is better developed as the European SDI in 3.2.1 and Marine SDI in 3.2.2 
as a special category of SDI. 
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3.2.1. INSPIRE 
 
For cross-border access of geo-data, a European metadata profile, based on 
ISO standards, is still under development using rules of implementation defined 
by the Infrastructure for Spatial Information in the European Community, INSPIRE 
[INSPIRE, 2007]. For actual data exchange, the INSPIRE implementing rules will 
further define harmonized data specifications and network services. This is 
complemented with data access policies and monitoring and reporting on the 
use of INSPIRE [INSPIRE, 2009]. Cadastral parcels is a harmonized dataset, which 
should serve the purpose of generic information locators for environmental 
applications, i.e. searching and linking other spatial information. 
Directive 1007/2/EC of the European Parliament and of the Council of 14 March 
2007 establishing an Infrastructure for Spatial Information in the European 
Community was published and entered into force in May of 2007. 
To ensure that the spatial data infrastructures of the Member States are 
compatible and usable in a Community and trans-boundary context, the Directive 
requires that common Implementing Rules [IR] are adopted in a number of 
specific areas: Metadata, Data Specifications, Network Services, Data and Service 
Sharing and Monitoring and Reporting. These IRs are adopted as Commission 
Decisions or Regulations, and are binding in their entirety 
[http://inspire.ec.europa.eu].  
The INSPIRE Directive requires to take existing standards into account [article 
7 of the Directive]. In the case of the LADM, there was an opportunity as both 
the INSPIRE Cadastral Parcels [CP] and the LADM where under development at the 
same time. Through joint work, between the INSPIRE Thematic Working Group CP 
and the LADM Project Team, this has been achieved. This ensured consistency 
between INSPIRE and LADM, and resulted in a matching of concepts and 
compatible definitions of common concepts. It must be remembered that there 
are differences in scope and targeted application areas; e.g. INSPIRE has strong 
focus on environmental users, while LADM has a multi-purpose character and is 
supporting both data producers and data users in these various application 
areas.  
Also, LADM has harmonization solutions for rights and owners of 3D spatial 
units, which are currently also outside the scope of INSPIRE CP. However, 
through intensive co-operation, it is now made possible that a European country 
may be compliant both with INSPIRE and with LADM [Lemmen, 2012]. 
Further, it is made possible through the use of LADM to extend INSPIRE 
specifications in future, if there are requirements and consensus to do so. In 
order to “prove” thecompatibility, a model was created shown the {~ based
version of INSPIRE Cadastral Parcels, explicitly indicating how the INSPIRE 
development fits within the LADM and that there are no inconsistencies [see 
Diagram 3.1]. 
In selecting relevant classes from LADM, using inheritance, adding attributes 
and constraints it has been possible to express of the INSPIRE Cadastral Parcels 
data set consistent with LADM. In INSPIRE context, four classes are relevant:  
 LA_SpatialUnit (with LA_Parcel as alias) as basis for CadastralParcel; 
 LA_BAUnit as basis for BasicPropertyUnit; 
 LA_BoundaryFaceString as basis for CadastralBoundary; 
 LA_SpatialUnitGroup as basis for CadastralZoning. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 3.1: The INSPIRE Cadastral Parcel model derived from LADM via inheritance [Lemmen, 2012 
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Additionally, INSPIRE has developed some standard styles for data 
specification in various domains such as cadastre, hydrography, transportation 
and addresses. For cadastral domains, the document ‘‘Data Specification on 
Cadastral Parcels Guidelines’’specifies21 requirements and 29 recommendations 
for cadastral data [2D parcels] [INSPIRE, 2010]. It addresses issues such as data 
content and structures, reference systems, data quality, dataset-level metadata 
and data capture. 
 
I. National Geospatial Information Infrastructure 
 
The implementation of Directive 2007/2/EC by the Greek government starts 
with the adoption of Law 3882/2010, which sets the legal framework for the 
establishment of a National Geospatial Information Infrastructure [NGII]. In 
comparison with other European countries, Greece was faced with a big 
challenge as geospatial information had been developed in an interoperable way 
since 2010. Information created by different agencies was characterized by 
case specific format and limited permission to exchange due to the existing 
framework and the inadequate cooperation between data producers [INSPIRE, 
2013]. 
Furthermore, the lack of an integrated Cadastre results in a number of 
interoperability issues. As the parcel is considered as reference data, it is 
questionable whether all information produced can correctly overlay each other. 
So the completion of the National Cadastre is of high priority. 
 
3.2.2. Marine Spatial Data Infrastructure [MSDI] 
 
The development of most SDI initiatives throughout the world has focused 
almost entirely on land. While the concept of marine SDI is relatively new, the 
idea of supporting marine and coastal management through better access to 
spatial data or information is more established. Several countries are trying to 
improve their marine management through improving the accessibility and 
availability of spatial data. Borrero in the SDI Cookbook states that when 
developing SDI the following areas need to be considered: definition, objectives, 
principles, rules and responsibilities, coordination, policies and guidelines 
[Diagram 3.2]. The SDI should deliver a seamless model that creates a spatially 
enabled land–sea interface and bridges the gap between the terrestrial and 
marine environments. Ideally, this would result in harmonized and universal 
access, sharing, and integration of coastal, marine, and terrestrial spatial 
datasets across regions and disciplines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Diagram 3.2: Marine Administration and SDI [Strain et al., 2006].  
Comparison between different initiatives for marine administration shows that 
each one has different aims and ideas, responding to different cultures, levels 
 of development and user needs [Strain et al., 2006]. Most ocean and coastal 
management problems are of a spatial nature and therefore, the development of 
a marine component to national and regional SDIs is imperative to the effective 
management of the marine environment. It is also important to understand the 
link between the terrestrial and marine environments, recognizing that they 
cannot be treated as separate entities [Williamson et al., 2010]. 
The idea of a seamless administration system that covers both the marine 
and terrestrial environments is generally accepted and noncontroversial. A 
synchronized SDI is an essential implementation strategy that allows integrated 
spatial management of interoperable data from both environments. The marine 
cadastre delivers the fundamental datasets that are especially vital to coastal 
zone management. The functionality of a cadastre in supporting the SDI is now 
recognized after a protracted debate about how to use and adapt land-based 
tools to service marine needs. In modern theory, the cadastral component and 
the SDI are fundamental to the way marine information is developed and shared, 
and ultimately for competent marine administration [Williamson et al., 2010]. 
Diagram 3.3: A marine cadastre and SDI are essential components of effective marine administration [Rajabifard 
et al., 2006] 
 
3.3. Standardization in the domain of Land Administration 
 
With respect to spatial data management and interoperability, several 
standardization initiatives have been set off [e.g. ISO, IAI, Web3D, etc]. After the 
development of domain-independent standards for spatial and temporal 
schemas for spatial features [including metadata standards], a next step is the 
standardization of domain-specific standardized models as basis for 
standardized the SDIs. 
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ISO and OGC are the two dominant standards organizations, which develop 
and publish international standards. ISO [International Organization for 
Standardization[ is an independent, non-governmental membership organization 
and the world’s largest developer of voluntary nternational Standards. OGC 
[Open Geospatial Consortium] is an open-member organization, now consisting of 
511 active members. It provides free and openly available standards to the 
market that are of tangible value to OGC Members and have measurable benefits 
for users. Moreover, OGC produces Abstract Specifications and Implementation 
Specifications. 
[http://www.opengeospatial.org/ogc/members;http://www.iso.org/iso/home/about.ht
m]. 
OGC has already started numerous new initiatives to meet the challenges. 
Currently more than 36 projects are discussing various aspects of data 
integration and exchange only in the Specification Program and almost all of 
them attempt to handle the third dimension. The most relevant is the work of 
CAD-GIS working group [Case, 2005]. The aim of this working group is finding a 
bridge between CAD, AEC systems and GIS by finding opportunities to improve 
interoperability of geospatial data and services across these domains. 
Incompatibilities at various levels (semantic, geometry, topology) contribute to 
the complexity of the problem [Zlatanova and Prosperi, 2006].  
To suggest an appropriate schema for exchange of 3D spatial data, this 
group will consider several on-going developments, i.e. LandXML, LandGML, 
CityGML, aecXML [for AEC including information about projects, documents, 
materials, parts, organizations, professionals, etc.[, TransXML [a project aiming at 
XML schemas for exchange of transportation data[, IFC [the Industry Foundation 
Classes used to define architectural and construction-related CAD graphic data 
as 3D real-world objects[, OpenFlight [an industry standard real-time 3D scene 
description format[, 3D ShapeFile [ESRI], X3D, etc. [Zlatanova, 2002]. 
The standards tracks of OGC and ISO are fully coordinated through shared 
personnel and through various resolutions of ISO TC211 and OGC. They are often 
complementary and where they overlap, there is no competition, but common 
action (e.g. in the geometry model). OGC provides fast-paced standard 
development and promotion of standards adoption, similar to other industry 
standards consortia such as W3C, IETF, and OMG. ISO is the dominant de jure 
international standards development organization (from now on SDO), providing 
international government authority important to institutions and stockholders. 
Through OGC's cooperative relationship with ISO, many of OGC's OGC Standards 
either have become ISO standards or are on track to become ISO standards. OGC 
maintains contact with a number of other standards organizations (W3C, IETF, 
OMG and others), generally offering expertise related to spatial issues and 
receiving expertise necessary to ensure that OGC's standards framework is 
consistent with other IT standards frameworks 
[http://www.opengeospatial.org/ogc/faq/process]. 
Examples include International Standards for land cover (ISO 19144-2), Land 
Administration (LADM, ISO 19152), and Addressing (ISO 19160), all within ISO/TC211, or 
CityGML [from the OGC, which includes topographic features such as buildings, 
roads, water and earth surface elevation[ or GeoSciML (also from OGC) and both 
based on GML3 (ISO 19136). The most characteristic examples are described in 
3.3.1. 
Apart from the OGC and/or ISO standards there are also some standardization 
initiatives that are not (currently) adopted by any organization. For instance, the 
3D Cadastral Data Model (3DCDM) is developed to support integration of legal and 
physical information that are required for 3D cadastral applications, but is not 
yet adopted by any SDO. 
Last but not least, except for the geo-information standards there are also 
available many basic standards, such as UML for modeling and XML, GML for 
exchanging structure information. 
 At the rest of this chapter, the most dominant and recent standardization 
initiatives on the domain of land administration are described. In particular, 
standards from OGC and ISO are presented, followed by initiatives that are not 
yet adopted by any SDO and also basic geo-information exchange formats are 
described. 
 
3.3.1. Geo-information exchange formats 
 
I. 3D LandXML 
 
LandXML [http://www.landxml.org] is non-proprietary XML data file was 
introduced for land survey and construction, initiated in 1999 by Autodesk and 
EAS-E members. It has been used for exchanging surveying data in land 
development applications [Crews, 2003]. Government agencies all over the world 
have been using LandXML as a national standard for cadastral electronic 
lodgment. Diagram 3.4 illustrates an overview of the LandXML schema. It can also 
be used for capturing other types of engineering data, such as pipe networks 
and roadways. The Parcels element itself can be expanded into 2 elements: 
Parcel and Feature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 3.4: Overview of the LandXML schema with expansion of the Parcels element [www.LandXML.org]. 
To support 3D Cadastres, the existing LandXML schema is utilized to model 3D 
parcels. An example of the Parcels element and its sub elements is presented 
below. 
Figure 3.10 illustrates an approach of using the element of PntList3D, which is 
a sub-element of IrregularLine in the LandXML schema. In order to model 3D 
parcels in Coordinated Cadastre system, a CoordGeom represents a face that 
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contains 3D coordinates (Northing, Easting, and Height) in PntList3D. A series of 
faces forms a volumetric parcel (i.e. arcel “70021”). The volumetric parcel can 
be referenced to an external resource as a URI. Alternatively to model 3D 
parcels in LandXML, one can also use VolumeGeom element, as discussed in 
Shojaei et. al. [2012]. 
 
 
Figure 3.10: The geometries of 3D parcels in LandXML.  A volumetric parcel can be referenced to an external 
resource as a URI. 
 
The problem of LandXML data format is that currently is not supported by a 
Standards Developing Organization [SDO] and it is not integrated with any OGC or 
’sgeospatialstandards.hishasresultedinconfusioninthe marketplace as 
to the future of the standard as well as the fact that there has not been any 
work done to advance the standard since 2009.  LandXML is used worldwide as 
a neutral data exchange format by a number of government agencies and 
private sector firms to share land development, civil, survey and other 
infrastructure-related data.   
Both the land and infrastructure user domain and the geospatial technology 
user domain would benefit from integrated access to the two types of 
information. Moreover, with no enhancements in over 5 years, LandXML has failed 
to keep up with newer methods and software. 
The Open Geospatial Consortium Land And Infrastructure Domain Working 
roup[andnfra~]wascharteredin2013to“focusondetermininghowbest
to integrate and support the LandXML schema within the OGC framework, as well 
as how to better manage and integrate CAD-based land information with other 
}standards”.neoftheinitialgoalsoftheandnfra~wastogainabetter
understanding of exactly what LandXML is and does. Its first activity was to 
reverse-engineer a UML model and documentation; which at the moment are 
missing; for LandXML-1.2 as a basis for assuming the viability of supporting 
LandXML as an OGC baseline.  
Apart the compatibility problem many technical problems were identified in 
LandXML; e.g. station data type, weak point typing, case inconsistencies, etc. 
[Scarponcini, 2013]. Fixing many of these problems will break backwards 
compatibility; for this reason a new standard is proposed having a use case 
driven subset of LandXML functionality but implemented with GML and supported 
by a UML conceptual model.  
The new standard is called infraGML and described at the next sub-chapter. 
  
 II. InfraGML 
 
Therefore, a fresh start standard is proposed, which is called InfraGML. This 
new standard would [Scarponcini, 2013]: 
o be supported by a recognized Standards Developing Organization, 
OGC, 
o align with existing OGC, TC211 and SQL/MM standards, 
o benefit from functionality already supported by GML, including 
features, geometry, coordinate reference systems, linear 
referencing, and surface modeling [TIN[, 
o focus on survey and alignments, 
o using modular extensions, be able to expand into other areas [e.g., 
pipe networks, parcels, etc.[ as resources become available, 
o be use-case driven, 
o be based on a UML conceptual model developed prior to GML [and 
any other future[ encoding 
o have more up-to-date functionality 
o be synchronized with the concurrent efforts by buildingSMART in 
their development of Infrastructure-based Industry Foundation 
Classes (IFCs), 
o be more easily integrated with CityGML and TransXML. 
 
InfraGML is the proposed OGC GML application schema supporting land 
development and civil engineering infrastructure facilities. The OGC has just 
released the OGC LandInfra Conceptual Model, the first draft of the InfraGML 
conceptual model for land parcels and the built environment 
The alignment part of InfraGML would overlap the recently announced 
IfcAlignment development work of buildingSMART International [bSI[. The full facility 
life cycle list of use cases to be supported by InfraGML would be broader than 
the IfcAlignment focus on design and construction. OGC and buildingSMART can 
work together on the use case definitions and conceptual model so that the 
two resultant implementations [IFC and GML[ would be harmonized. It is also 
intended to include recent civil engineering developments such as wider use of 
3D modeling. 
The resultant IFC version would be consistent with the buildingSMART 
standards baseline and the GML version would be consistent with the OGC 
standards baseline.  This would enable interoperability within each respective 
baseline [e.g., IfcAlignment with COBie and InfraGML with CityGML[. The shared 
conceptual model would allow cross-baseline interoperability [Scarponcini, 2013 
http://www.opengeospatial.org/blog/2098, 
http://geospatial.blogs.com/geospatial/2013/12/a-proposal-to-replace-landxml-with-
infragml.html]. 
The LandInfra UML Packages and their dependencies are shown in the 
Diagram 3.5. These will approximately align with conformance classes in the 
InfraGML standard. 
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Diagram 3.5: LandInfra UML Packages [Scarponcini, 2013]. 
For further information related to the context of the packages see OGC [2014]. 
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 III. INTERLIS 
 
INTERLIS is a standard for the modeling and integration of geodata into 
contemporary and future GIS. In Switzerland is the leading tool for describing, 
integrating and coordinating spatial data and is also listed as Swiss standard 
SN612031.  
INTERLIS is not only targeting the mass market of casual geodata viewers but 
was specially designed as an answer to the needs of the users and producers 
[the doers[ who are relying on explicitly described geodata structures. 
Additional properties of this language include being specially adapted to 
geographic information systems implementability, as well as considerable 
dedication to practicability and extensibility 
[http://www.interlis.ch/interlis1/description_e.php]. 
INTERLIS-1 is a Conceptual Schema Language [CSL] and a neutral Transfer 
Format [ITF/XTF]. It is an Object Relational [OR] Modeling Language, sufficient for 
many modeling tasks. It is a very precise, standardized language on the 
conceptual level to describe data models. Both humans and computers can read 
it and it has build in data types for GIS-Systems; e.g. the geometry types. 
Transfer formats are derived from data models by transfer rules and there is 
strict separation of transfer and modeling aspects [model driven approach]. 
The main benefits from INTERLIS are that it: 
o Supports freedom of methods through system neutral approach; 
o Directly supports the concepts of «Cadaster 2014» (i.e. thematic 
independent Topics); 
o CSL is understandable by IT and domain experts; 
o Data can be directly processed and checked by computers. 
o Is easy to implementation it. 
o Allows the automated quality control of data [checker, check 
service[ 
o Allows the automation of many cadaster related processes. 
o Provides reference manuals, which are translated to many 
languages. 
Additionally, it has relation with other standards. INTERLIS uses UML as graphic 
representation of its data models [.ili files]. Moreover, GML is supported by 
INTERLIS through additional transfer rules [eCH-0118 Standard].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 3.6: INTERLIS: Language and transfer format [Germann, 2012].  
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INTERLIS-2 is an Object Oriented [OO] Modeling Language, more flexible but also 
complex than INTERLIS-1. It supports extension and re-use of existing models 
and incremental transfer. In this version, XML takes over encoding for the 
INTERLIS 2 transfer format. XML has become internationally widespread and 
universally accepted and count on a great number of compatible software 
products to be obtainable in the near future. The two versions are compatible 
with each other. The most important is that constraints can be specified 
formally and explicitly, as they are not defined as individual, independent objects 
but as structures [Germann, 2012]. 
 
IV. Industry Foundation Classes 
 
The Industry Foundation Classes [IFC] data model is intended to describe 
building and construction industry data. It is an object-oriented data model 
based on class definition representing the things [elements, processes, shapes, 
etc.] that are used during a construction or facility management project. The 
model focuses on the classes that need to share information rather than 
processing it in particular proprietary software. 
IFC is a neutral and open specification developed by buildingSmart 
International
1
 that is not controlled by a vendor or a group of vendors. It was 
created to facilitate interoperability in the architecture, engineering and 
construction (AEC) industry [http://www.ifcwiki.org/index.php/Basic_Informations]. 
IFC constitutes an open specification, listed as ISO 16739 [IAI, 2008] and 
defines an “entity-relationship” model providing an abstract and conceptual
representation of data. It consists of 900 entity classes organized into an 
object-oriented hierarchy and provides detailed semantics for the building’s
construction elements [Goetz & Zipf, 2011]. 
It is registered by ISO and is an official international ISO 16739:2013. IFC 
together with CityGML can be used for the representation of cadastres in three 
dimensions. The IFC conceptual schema and the specifications are written using 
the EXPRESS data definition language, defined as ISO 10303-11 by the ISO 
TC184/SC4 committee. EXPRESS adopts many object-oriented concepts, including 
multiple inheritances. It has the advantage of being compact and well suited to 
include data validation rules with the data specification.  
IFC data files are exchanged between applications using the following 
formats and should be indicated as .ifc; .ifcXML; .ifcZIP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  
1 BuildingSmart is an international organization which aims to improve the exchange of 
information between software applications used in the construction industry. It has 
developed IFC and BIM. 
 Diagram 3.7: Industry Foundation Classes [http://paginas.fe.up.pt/~gequaltec/w/index.php?title=Industry_Foundation_Classes] 
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3.3.2. Standardization initiatives for domain models 
 
I. Building Information Model [BIM] 
 
The need of integrating semantic data for cadastral purposes has increased 
popularity of modeling approaches that support semantic characteristics such 
as BIM employing Industry Foundation Classes (IFC) standard.  
The core requirement of Building Information Model (BIM) for complex building 
projects, mainly in Europe and the United States, may facilitate, to some extent, 
3D property presentation [NBIMS, 2006]. According to [Isikdag et al., 2013], BIM is a 
digital version of all the functional features of a building through its entire life 
cycle [Diagram 3.8]. In other words, BIM refers to a representation of the building 
parts regarding at the same time their geometric and semantic aspects. 
CityGML and IFC are related but at the same time they vary in many aspects. 
Summarizing the most important difference of them is the different way 
according to which 3D models are acquired in each of the models, which lead to 
different definition of the same semantic object, as presented in Figure 3.11. BIM 
models represent how 3D objects are constructed, while the objects in IFC 
models are described by their observable surfaces based on modeling 
principles [Nagel et al., 2009]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11:  A building part modeled in IFC [left] and in CityGML [right] [Nagel et al., 2009]. 
BIM has evolved in the construction domain, whereas 3D property has 
evolved in the legal cadastral domain. Although it seems that they are two 
different domains, El-Mekawy et al. [2014] argue that they can interact. BIM is 
considered as an object-oriented process, which describes buildings in respect 
to their geometric and semantic properties. It therefore involves the generation 
as well as management of spatial digital representations of physical and 
functional characteristics of building spaces and their surrounding environment 
[Isikdag & Zlatanova, 2009a].  
Such models are less capable to visualize topographic features and RRRs, as 
they are optimal for analysis on building level and cannot accommodate 3D 
cadastral purposes in full scale. However, research towards integration of BIM 
models with GIS characteristics through GeoBIM [De Laat & Van Berlo, 2011] can 
enhance|’scontributionto3~}adastrepurposes. 
Today, there is no interaction between BIM and the 3D property management. 
BIM can add to improve the real property formation, registration and visualization 
process. However, according to El-Mekawy et al. [2014] there are some problems 
to be addressed. For instance, there is increased use of geographical 
information standards and LASs do not make use of all of them, or maybe there 
is no compatibility between all of them. 
 
  
Diagram 3.8: What is BIM? [National Defence Canada, 2012] 
 
II. CityGML 
 
The CityGML standard is an Open Geospatial Consortium encoding standard 
since August 2008 [republished in version 2 in March 2012], which describes 
physical reality. It allows for a complete 3D visualization of the real world 
objects including their semantic, geometrical, topological and appearance 
characteristics in different levels of detail [LoD] depending on application [Kolbe, 
2007].  
As reported in [www.citygml.org] CityGML is defined as follows: “CityGML is a 
common information model and XML-based encoding for the representation, 
storage, and exchange of virtual 3~ city and landscape models, …. CityGML is 
implemented as an application schema for the Geography Markup Language 
version 3.1.1 [GML3], an official extendible international standard for spatial data 
exchange issued by the Open Geospatial Consortium [OGC] and the ISO IC211. 
Because CityGML is based on GML, it can be used with the whole family of GML 
compatible OGC web services for data accessing, processing, and cataloging like 
the Web Feature Service, Web Processing Service, and the Catalog Service. 
CityGML is an open standard that can be used free of charge.” 
Apart from its coherent semantic and geometrical design principles, CityGML 
is a data model comprising, among others, DTM, buildings and building parts, 
tunnels, water bodies and land use [Gröger et al., 2012].  
CityGML model as presented in [Kolbe et al., 2005], is a multi-purpose, unified 
information model that uses a semantic-based objects hierarchy expressed by 
classes and associations for the most relevant (city) features from different 
thematic groups. In particular, CityGML defines the geometric information about 
layers for water bodies, buildings, vegetation, terrain, etc, represented by basic 
geometric objects (point, line, polygon) tohether with the corresponding 
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thematical;, semantical and appearance properties. 
The fact that CityGML is XML based makes it an easily interchangeable data 
exchange format as well as it enables the interoperability among many 
applications. 
CityGML supports 5 different levels of details covering also semantic aspects, 
starting from LoD0 to LoD4 [indoor, see Figure 3.12] amongst which the most 
prominent are the LoD of buildings [Zlatanova et al., 2012]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.12: The five Levels Of Details defined by CityGML [LoD], [KITGröger et al., 2012]. 
CityGML can be extended to include additional data features and attributes, 
and thus provide semantic modeling for 3D Cadastre. However, there is still a 
large gap between the geometry data in CityGML data and 3D property unit. This 
is due t the fact that, CityGML focuses on the appearances and the shapes of 
the landscape and buildings with physical realities, focused on the visualization 
of the external physical surface of the city objects. These data have not 
reached the requirements of 3D property unit, which is the basic unit of city 
management and applications [Guo, 2012]. 
Although 3D property unit and CityGML are similar to some extent, the specific 
geometric data of them are in a tremendous difference. So making the 
correspondence rules of the data model between them and finding the needed 
geometry data to be handled further are the keys to convert CityGML data to 3D 
property unit. 
According to Ying et al. [2014], 3D property unit has basic triple elements: 
 The semantic and ownership information, 
 The spatial information and 
 The RRRs. 
The mainly described objects in CityGML are buildings with different Levels of 
Details (LoDs]) and precisions; which are different in terms of complexity and 
granularity of the geometric representation. According to the same authors, 
LoD2 and LoD3 are more relate to the real estate and 3D cadastre. The semantic 
objects that are related with 3D property unit in CityGML are shown in Table 3.1. 
They developed a methodology to convert CityGML data to 3D property units 
based on semantic and geometric transformation. This method can be also used 
as data source for a wide range of 3D city modeling and spatial analysis; as 
applications based on CityGML refer to the wider thematic areas of: urban 
development, energy management, property taxation, navigation (indoor as well), 
natural disasters simulation, cultural heritage registration and military operations. 
  
  
Table 3.1: The semantic objects related with 3D property unit in CityGML [Ying et al., 2014]. 
 
III. Social Tenure Domain Model [STDM] 
 
The Social Tenure Domain Model is a specialization of the LADM and has been 
introduced in order to cover all types of tenures, conventional and other social 
tenures such as informal and customary [Augustinus et al., 2006; Augustinus, 
2010; Lemment et al., 2007; FIG, 2010]. It has its own terminology and it 
complements the LADM. It is developed by UN Habitat, the International 
Federation of Surveyors, the World Bank and the University of Twente, Faculty 
(ITC). STDM broadens the scope of land administration. ITC was then financially 
supported by the Global Land Tool Network to develop the technical aspects of 
STDM. 
The Global Land Tool Network (GLTN) is a coalition of international 
organizations who have agreed on an agenda of 18 pro poor land management 
tools for urban and rural areas [www.gltn.net]. Most tools are national but have 
rural and urban applications. These tools are being developed by the partners 
not just as tools on their own, but also linked to cross cutting issues such as 
gender, the involvement of the poor users, land governance, and the need for 
capacity building. The continuum of land rights (which is about the incremental 
acquisition of rights over time), and STDM are two of the GLTN tools.  
The STDM is a multi-partner software development initiative to support pro-
poor land administration. The initiative is based on open source software 
development principles. The STDM, as it stands, has the capacity to broaden the 
scope of land administration by providing a land information management 
framework that would integrate formal, informal, and customary land systems 
and integrating administrative and spatial components. The STDM makes this 
possible through tools that facilitate recording all forms of land rights, all types 
of rights holders and all kinds land and property objects / spatial units 
regardless of the level of formality.  
Not only with regard to formality does the thinking behind the STDM depart in 
terms of going beyond some established conventions. Traditional or 
conventional land administration systems, for example, relate names or 
addresses of persons to land parcels via rights. An alternative option being 
provided by STDM, on the other hand, relates personal identifiers such as 
fingerprints to a coordinate point inside a plot of land through a social tenure 
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relation such as tenancy. The STDM thus provides an extensible basis for 
efficient and effective system of land rights recording.  
Furthermore, it integrates administrative and spatial components. In particular, 
the model describes relationships between people and land in an 
unconventional manner; it has the power to tackle land administration needs in 
communities, such as people in informal settlements and customary areas. It 
supports development and maintenance of records in areas where regular or 
formal registration of land rights is not the rule. It focuses on land and property 
rights, which are neither registered nor registerable, as well as overlapping 
claims,that may have to be adjudicatedboth in terms of the ‘who’,the ‘where’
andthe‘whatright’. 
In other words, the emphasis is on social tenure relationships as embedded 
in the continuum of land rights concept promoted by GLTN and UN-HABITAT. This 
means informal rights such as occupancy, adverse possession, tenancy, use 
rights (this can be formal as well), etc or customary rights, indigenous tenure, 
etc as well as the formal ones are recognized and supported [with regard to 
information management[ in STDM enabled land administration system [Lemmen et 
al., 2009].  
Likewise, the STDM accommodates a range of spatial units [‘where’, e.g. a
piece of land which can be represented as one point – inside a polygon, a set 
of lines, as a polygon with low/high accuracy coordinates, as a 3D volume, etc.[. 
Similarly, the STDM records all types of right holders (“ho”, e.g., individuals, 
couples, groups with defined and non-defined membership, group of groups, 
company, municipality, government department, etc.). 
In regard to evidence, STDM handles the impreciseness and possible 
ambiguities that may arise in the description of land rights. In a nutshell, the 
STDM addresses information related components of land administration in an 
innovative way [Lemmen & Van Oosterom, 2013]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.13: Core conceptual diagram of STDM [Linkages between Core Cadastral Model, LADM and STDM, UN-
HABITAT, 2013]. 
Moving away from individual freehold parcel based tenure systems and 
adopting a range of rights and claims in order to extend security of tenure to 
more people, including the poor, implies that a new form of land administration 
has to be designed. Adopting a continuum of land rights made the land 
administration technical gap obvious, which technical gap is covered by STDM 
[Augustinus, 2010]. 
 
IV. Land Administration Domain Model [LADM] 
 
The LADM was approved as an official International ISO Standard on November 
1st, 2012 [ISO 19152:2012]. It covers basic information-related components of land 
administration (including those over water and land and elements above and 
below the surface of the earth). The model provides a conceptual schema with 
three basic packages and one sub-package:  
 1. parties, which means people and organizations that perform transactions, 
2. basic administrative units, including rights, restrictions and responsibilities, 
3. spatial units, mostly parcels and the legal space of buildings and utility, 
surveying and spatial representation.  
As it happens with other models, the scope of LADM is limited, and cannot 
therefore model the whole world. However, certain object classes outside its 
scope are relevant and should be referred to. There is the possibility to create 
external classes when needed and use population registers (or other sources) 
as an external reference [Lemmen, 2012]. LADM will be further analyzed in 3.3.4. 
 
3.3.3. Standardization initiatives that are not yet adopted by SDO 
 
I. 3D Cadastral Data Model [3DCDM] 
 
A 3D cadastral data model (3DCDM) aims to achieve a conceptual framework 
for 3D cadastres. It was developed to support integration of legal and physical 
information that are required for 3D cadastral applications. The first version 
(3DCDM_Version 1.0) has the following core classes,: 3DCDM_InterestHolder, 
3DCDM_PropertyObject (PO), 3DCDM_Geometry, 3DCDM_urvey, 3DCDM_SurveyPoints, 
3DCDM_SurveyObservation and 3DCDM_ExternalSources [Diagram 3.9]. 
 
 
 
 
 
Diagram 3.9: Core classes of 3DCDM [Aien A et al, 2012]. 
The 3DCDM model has twelve sub-models or modules, which are selected 
based on the user requirements and the application. It has two important 
components; the PhysicalPropertyObject and the LegalPropertyObject.. Based on 
these concepts, the 3DCDM has two hierarchies, legal and physical which are 
linked at the model. 
 LegalPropertyObject: It allows for the representation of spatial aspects of 
legal objects [2D and 3D[. The UML diagram of the LegalPropertyObject 
model is depicted in Diagram 3.10. In this model all land interests: rights, 
restrictions, and responsibilities are represented.  
 PhysicalPropertyObject: having separated this concept facilitates selection 
of the appropriate PhysicalPropertyObject for any particular application.  
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Diagram 3.10: UML diagram of 3DCDM's LegalPropertyObject model [Kalantari et al., 2008].  
In Diagram 3.11, the conceptual model of integrating the legal and physical 
objects is presented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 3.11: Conceptual model of integrated legal and physical objects in the 3DCDM model [Aien et al., 2013]. 
 
3.3.4. Land Administration Domain Model [LADM] 
 
I. Conceptual model 
 
Domain specific standardization is needed to capture the semantics of the 
land administration domain on top of the agreed foundation of basic standards 
for geometry, temporal aspects, metadata and also observations and 
measurements from the field. A standard is required for communication between 
professionals, for system design, system development and system 
implementation purposes and for purposes of data exchange and quality 
management of data. 
Such a standard will enable GIS and DBMS providers and/or open source 
communities to develop products and applications for Land Administration 
 purposes. And in turn this will enable land registry and cadastral organizations 
to use the components of the standard to develop, implement and maintain 
systems in an even more efficient way [Lemmen & Van Oosterom, 2013]. 
Internationally, the wish emerged for a widely accepted standardized domain 
model, making use of the collective knowledge already existing worldwide. This 
wish was supported by the FIG and UN-Habitat and also by the FAO of the UN. 
The data model should be able to function as the core of any land 
administration system. The standard should be flexible, widely applicable and 
function as a gathering point of a state-of-the-art international knowledge base 
on this theme.  
The development of LADM is based on user needs; comprehensive overview 
of requirements for the Land Administration Domain is available in [Lemmen, 2012]. 
Open markets and globalization require a shared ontology allowing enabling 
communication between involved persons within one country and between 
different countries. Effective and efficient system development and maintenance 
of flexible (generic) systems ask for further standardization. 
The conceptual model of LADM is presented in Diagram 3.12. The main class of 
the party package of LADM is class LA_Party with its specialization 
LA_GroupParty. There is an optional association class LA_Party-Member. A Party is 
a person or organization that plays a role in rights transaction. An organization 
can be a company, a municipality, the state, or a church community. { ‘group 
party’ is any number of parties, forming together a distinct entity. { ‘party
member’ isapartyregisteredandidentifiedasaconstituentofagroupparty.
This allows documentation of information to membership [holding shares in 
rights]. 
Diagram 3.12: The Land Administration Domain Model [Lemmen, 2012]. 
The administrative package concerns the abstract class LA_RRR [with its 
three concrete subclasses LA_Right, LA_Restriction and LA_Responsibility[, and 
class LA_BAUnit [Basic Administrative Unit[.{ ‘right’ isanaction,activityorclass
of actions that a system participant may perform on or using an associated 
resource. A right can be an [informal[ use right. Rights may be overlapping or 
may be in disagreement. { ‘restriction’ is a formal or informal entitlement to
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refrain from doing something; e.g. it is not allowed to build within 200 meters of 
a fuel station; or servitude or mortgage as a restriction to the ownership right. A 
‘responsibility’ is a formal or informal obligation to do something; e.g. the 
responsibility to clean a ditch, to keep a snow-free pavement or to remove 
icicles from the roof during winter or to maintain a monument.  
{ ‘baunit’ (an abbreviation for “basic administrative unit”) is an administrative 
entity consisting of zero or more spatial units (parcels) against which one or 
more unique and homogeneous rights (e.g. an ownership right or a land use 
right) responsibilities or restrictions are associated to the whole entity as 
included in the Land Administrationystem.{“basicadministrativeunit” may play 
the role of a ‘party’ because it may hold a right of easement over another,
usually neighboring, spatial unit. 
The spatial unit package concerns the classes LA_SpatialUnit, 
LA_SpatialUnitGroup, LA_Level, LA_LegalSpaceNetwork, LA_LegalSpace-BuildingUnit 
and LA_Required-RelationshipSpatialUnit. LADM defines 5 levels of encoding the 
geometry, based on the level of maturity: 
I. Text based encoding 
II. Point based encoding 
III. Line based encoding 
IV. Polygon based encoding 
V. Topology based encoding 
 
All the levels of encoding within the LADM are available to be used with 3D 
cadastre. It might be unusual to consider the lower-level encodings, (such as 
line-based), but it should be noted that the commonly used“buildingunit”form
of 3D spatial unit is in effect a text based spatial unit.  
There is also a fairly common combined approach – where the floor plan of 
the unit is defined geometrically, but the only elevation information is textural – 
suchas“onfloor5”.hree-dimensional parcels occur commonly in areas of high 
property values, and in these areas, the accuracy of survey likewise tends to 
be higher. Further, it is easier to justify the costs of careful data encoding in 
these regions. It is easy to envisage a cadastre consisting of a mixture of 2D 
and 3D parcels using a high level of encoding in the city areas, combined with 
low-level encoding of lower accuracy information in less dense regions 
[Thompson, 2013]. 
Spatial units are structured in a way to support the creation and 
managementofbasicadministrativeunits.{‘level’isacollectionofspatialunits
with a geometric and/or topologic and/or thematic coherence. 
LADM defines a 3D parcel as the spatial unit against which [one or more[ 
unique and homogeneous rights [e.g. ownership right or land use right[, 
responsibilities or restrictions are associated to the whole entity based on ISO 
19152 [Thompson & Van Oosterom, 2011]. Spatial units [synonym of parcels[ have 
two specializations: legal spaces buildings and legal spaces networks. 
The Spatial Unit Package has one Surveying and Spatial Representation Sub-
package with classes such as LA_SpatialSource, LA_Point, LA_BoundaryFaceString 
and LA_BoundaryFace. Points can be acquired in the field by classical surveys 
or with images. A survey is documented with spatial sources. A set of 
measurements with observations [distances, bearings, etc.[ of points, is an 
attribute of LA_SpatialSource. The individual points are instances of class 
LA_Point, which is associated to LA_SpatialSource. 2D and 3D representations of 
spatial units use boundary face string [2D boundaries implying vertical faces 
forming a part of the outside of a spatial unit] and boundary faces [faces used 
in 3D representation of a boundary of a spatial unit[. All classes [except 
LA_Source] inherit from VersionedObject. 
VersionedObject contains quality labels and attributes for history 
management. In the LADM, administrative sources and spatial sources are 
modelled, starting with an abstract class LA_Source. LA_Source has two 
 subclasses: LA_AdministrativeSource, and LA_SpatialSource. External links to 
other databases [supporting information infrastructure type of deployment], e.g. 
addresses, are included, as shown in Diagram 3.13. 
 
 
 
Diagram 3.13: LADM and external classes [ISO 19152, 2012]. 
Class VersionedObject is introduced to LADM to manage and maintain 
historical data in the database; by introducing a time-stamp for the inserted and 
superseded data. As presented in Diagram 3.14, all the LADM classes are 
subclasses of class VersionedObject apart form the abstract class, LA_Source 
and the two subclasses: LA_AdministrativeSource and LA_SpatialSource; see 
Diagram 3.15. 
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Diagram 3.14: LADM classes VersionedObject with subclasses [ISO 19152, 2012]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 3.15: LADM Class LA_Source with subclasses [ISO 19152, 2012]. 
  
 II. Imported functionality from other standards 
 
LADM makes use of a number of concepts and classes from other ISO TC211 
standards. Most of the classes of LADM inherit of the abstract class 
VersionedObject. Besides temporal attributes, also the quality [DQ_Element] and 
the source [CI_ResponsibleParty, the responsible organization of a specific 
instance version in the database] are provided. The quality attribute has 
multiplicity 0...*, so the various quality aspects as modeled via DQ_Element can 
be represented.  
DQ_Element is a class from ISO I9115:2003 Metadata. It is an abstract class with 
the following subclasses, as depicted in Diagram 3.16: 
 DQ_Completeness, 
 DQ_Thematical Accuracy, 
 DQ_Temporal Accuracy, 
 DQ_Positional Accuracy, 
 DQ_Completeness. 
 
The source attribute has also multiplicity 0..* and the class CI_ResponsibleParty 
is also from ISO 19115:2003 Metadata, see Diagram 3.17. 
 
 
Diagram 3.16: DQ_Element class and subclasses [ISO 19115]. 
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Diagram 3.17: CI_ResponsibleParty [from ISO 19115]. 
 
Another important ISO/TC211 standard used in LADM is ISO DIS 19156 on 
Observations and Measurements [ISO, 2011b]. It contains the actual source survey 
data, attributes for documenting the temporal and quality aspects of survey at 
the class OM_Observasion; see Diagram 3.18. 
 
 
Diagram 3.18: OM_Observation from ISO19156 [ISO/TC211, 2011b]. 
  
 III. Shared concepts and terminology 
 
Despite the recent development in the filed of 3D cadastres, confusion still 
exists over terminology and key concepts. Terms such as 3D SDI and ubiquitous 
cadastre essentially refer to the same overarching concept of an information 
infrastructure that includes both 3D legal space and 3D representations of 
physical real-world objects [e.g., CityGML-like[. Meaningful communication is 
enabled by using existing standards where available, such as the LADM [ISO, 
2012], and by further discussing terminology and concepts during international 
events, as proposed by Van Oosterom [2013]. 
Moreover, more formal semantics is asked for within the domain of 3D 
Cadastre. For example, an ontology should be further developed in OWL (or RDF) 
for 3D Land Administration [based on the foundation of ISO 19152[. This is not only 
need for 3D cadastre, but also in a broader sense of the whole chain of 
activities of 3D development, as described in 2.2.1. 
Ideally, a network of ontologies/semantics should be created in a European 
or International level. Further formalization of the involved information, will better 
support the various steps and enable as much automation as possible [based 
on formal knowledge and reasoning]. An international/European organization 
should refer to conceptualizations provided by the scientific disciplines of law, 
economics and political science. The terminology should be well defined and 
values of the code lists maintained and be updated when needed. 
A first step towards this direction has been made in Denmark from Stubkjær 
[2000]. 
 
I. Ontology for LADM 
 
The term ontology is originated in philosophy to refer to the science of what 
is, i.e. the kinds and structures of objects, properties, events, processes, and 
relations in every area of reality [Agarwal, 2005; Mark et al., 2004]. To construct 
an ontology for the geographic domain, the understanding for the ontological 
foundations of geographic data [Soon, 2010] is crucial. Research has been done 
on developing the ontology for roles or user actions [Hoekstra, 2010; Mizoguchi, 
et al., 2012]. 
Ontology can be classified into Top Level, Domain and Application ontologies 
[Boskovic et al., 2010;ladićet al., 2013]. Top Level ontology depicts concepts at 
the highest level of a domain of discourse. It includes concepts like Space, Time, 
Process and Event. Meanwhile, Domain Ontology describes concepts that are 
commonly used within a particular domain such as Land Administration. Domain 
ontology facilitates automation, sharing and integration of information in a 
domain [Van Oosterom & Zlatanova, 2008]. Lastly, Application ontology focuses 
on a particular application and concepts contained within this type of ontology 
are application specific.  
Ontology is used to explicitly describe semantics by using OWL. OWL is a 
orld ide eb }onsortium standard and a “knowledge representation
language, designed to formulate, exchange and reason with knowledge about a 
domain of interest” [3}  orking roup, 2012]. |y interpreting the
knowledge in the ontology, a reasoner with Description Logics [Baader et al., 
2010] is able to make inference. It has three basic entities to represent 
knowledge; classes, properties and individuals. Classes refer to categories and 
properties refer to relationships or attributes. There are two types of 
properties: ObjectProperty and DataProperty. Moreover, classes and properties 
can have hierarchy. All classes, properties and individuals are called resources 
in OWL and each one of them has a unique Uniform Resource Identifier [URI]. An 
example of URI for the LADM ontology is:  
http://wiki.tudelft.nl/pub/Research/ISO19152/ImplementationMaterial/LADMOntology.owl
. 
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The difference between OWL and UML is that OWL supports machine 
reasoning, while UML does not. UML uses Closed World Assumption [CWA]; which 
assumes that the world is complete, information that does not exist may be 
false; while OWL uses Open World Assumption [OWA]; which assumes that the 
world has incomplete information [Zedlitz et al., 2012]. The difference is that CWA 
treats all statements that are not false, but OWA considers missing information 
as undecided and new knowledge can be inferred through reasoning. Therefore, 
semantic web [Kolas et al., 2005] and knowledge representation follow Open 
World Assumption, which has the capability to reveal new knowledge; while 
software and database modeling supports CWA, where consistency checking is 
supported through constraints.  
A domain ontology developed by Soon [2013] in OWL supports inference and 
reasoning for information integration and automation. The motivation was that 
user groups in land administration are huge and range from various parties and 
the representation of roles involves dynamics. Currently, however, roles are 
rather represented statically in the existing LADM model. For instance, role is 
considered as an attribute in the Party class, defined by the Code list. Such a 
definition has confined the way to model roles as context dependent.  
Defining roles as a code list assumes that the conceptual structure of roles 
is relatively flat, however the relationships between roles themselves are much 
more complex. Soon [2013] developed the ontology that emphasizes user roles 
in Land Administration, from natural language texts using an open source 
ontology editor from Stanford University, Protégé 4.3. 
Like in the existing LADM model, VersionedObject is also defined in the 
ontology as the top-level class from where all classes in the ontology are 
connected directly or indirectly. As a first step, the natural texts are extracted 
based on the definitions on the four basic classes; Party, BAUnit, RRR and 
SpatialUnit and then the corresponding formalization in OWL with cardinality was 
created. The text that follows shows an example of the Party class based on 
the following natural language text: 
LA_Party has a specialization: LA_GroupParty [with group party as an 
instance[. Between LA_Party and LA_GroupParty there is an optional association 
class: LA_PartyMember [with party member as an instance[. A group party, being 
a specialization of party, is also a party. Every party, being a constituent of a 
group party, may then be registered as a party member of class 
LA_PartyMember 
To develop the domain ontology, three new concepts were introduced: Role, 
RolePlayer and Context, together with two relations: hasRole and dependsOn. The 
representation of the ontology as shown in Diagram 3.19. The dashed arrow from 
RolePlayer to Context describes hasRole relation and the dashed arrow from 
Role to Context describes dependsOn relation. The rest of the arrows describe 
hasSubClass relation [Soon, 2013]. 
  
 
Diagram 3.19: The formalized domain ontology focused on user roles for land administration, using OntoGraf 
plug-in in Protégé [Soon, 2013]. 
This ontology attempts to support land administration systems that aim to 
serve customers more proactively for land administration processes. However, it 
is an initial step to support automation in land administration. One step further is 
the integration of OWL and LandXML [Soon, 2012], which combined with the use of 
rule language, such as SWRL and RIF is expected to raise the level of 
automation, mostly on the countries that have considered LandXML as a national 
cadastral standard, i.e. Australia and Singapore. 
 
3.3.5. Interoperability between BIM and geospatial environments 
 
There is a growing interest in the integration of BIM and GIS the last years 
and a number of publications showed promising results [Hijazi et al., 2009; 
IFCwiki.org 2010; Isikdag et al., 2008; Isikdag & Zlatanova, 2009b; Wu & Hsieh, 
2007]. However, BIM and GIS “people” still have many differences as they use 
different technology, standards and syntax. The two options seen so far are in 
previous attempts: 
o Integrating BIM data in the GIS world by using GIS technology, GIS 
standards and is done by ‘ people’ that look at buildings as
information in a geospatial context. 
o Modeling advanced detailed 3D buildings with high semantics. Here, 
buildings including streets, terrain and maybe some underground 
pipelines are modeled. 
 
I. GeoBIM 
 
Until today there is no real integration between those two “worlds”, but the 
majority of the geospatial community thinks that BIM and GIS word can create 
strong synergy [De Laat and Van Berlo, 2012]. The same authors proposed an 
extension of CityGML with semantic information from IFC, called GeoBIM, where a 
mix of strong both words is integrated in a single project. 
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For the creation of Geobim, firstly, the known CityGML object types like Room, 
Window, Door, Building, etc. are extended with extra properties from IFC [e.g. 
widths and heights of windows and doors]. The next level of getting IFC data 
into }ity is to extent the ‘{bstract|uiding’ with an extra property what
creates a link to the base class of our [to be introduced[ extra classes, called 
VisibleElement. The geometry issues known in the transformation from IFC to 
CityGML [Nagel et al., 2009] are still not solved in this integration. De Laat and Van 
Berlo [2012], mention that for now the implementation in the open source 
BIMserver only exports IFC to CityGML LOD4, including the GeoBIM extension data. 
To use IFC to CityGML transformation in practice, the transformation to lower 
LODs is necessary. To fully integrate BIM and GIS a translation from CityGML to 
IFC is also necessary. 
The development focuses on theoretical possibilities for the transformation 
of IFC data to CityGML. There is no specific use case to mirror the development. 
The result of the development of the GeoBIM extension [ADE[ for CityGML is 
presented in an XML Schema file [XSD[. The result is also represented as a UML 
class diagram shown in Diagram 3.20. All added properties from IFC are 
presented in the CityGML file. The GeoBIM extension creates some new objects in 
}ity; for instance a new object type is ‘tair’. his object has some
properties and also has geometry. 
There is increased interest for the interoperability of CAD/BIM and GIS 
systems, for instance, with several organizations around the world working on 
that such as the CAD-GIS Interoperability Working Group in the Open Geospatial 
Consortium and many conferences and meetings are organized in order to 
gather all the knowledge together; e.g. the Emerging Technology Summit [ETS]: 
Convergence: CAD / GIS / 3D / BIM. 
 
 
 
 Diagram 3.20: The GeoBIM extension for CityGML.
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The progress of BIM brings change to lifecycle management processes of an 
asset. The industry is entering Level 2 [Diagram 3.21] with many still working in 
CAD in two dimensions. The ultimate position is shown as OPEN BIM, where all 
data and systems are integrated and interoperable using the same data. The 
OPEN BIM moves towards the direction to establish departmental spatial 
capability that is fully integrated with the enterprise system. Figure 3.14 shows 
an example of a complete campus model where GIS and BIM/CAD technologies 
are integrated together with rater and legal data. 
 
Diagram 3.21: BIM Strategy Direction [Open BIM and the future: BIM and GIS integration, 2012] 
 
 
 
Figure 3.14: A complete ultimate model [Open BIM and the future: BIM and GIS integration, 2012] 
  
 II. Other integrations of CityGML and BIM models 
 
CityGML and IFC models are the two prominent semantic models in the field of 
3D GIS which aim at spatio - temporal coherence of spatial information. However, 
it is evident that they have been developed for different purposes and CityGML 
was not originally designed to fully comply the semantics on IFC standard. 
However, both are adjustable data models which enable their extension and 
interoperability.  
Sharing and exchanging spatial information in various disciplines has been a 
major driving force behind the development of spatial technology and 
applications in the last decade (Isikdag and Zlatanova, 2009b). Nowadays, there 
is a growing interest in developing methods for exchanging information and 
bringing IFC and CityGML together.  
Towards the direction of common communication standards, many 
approaches and prototypes and software tools have been developed in order 
to support various applications (urban planning, 3D cadaster, indoor and outdoor 
navigation, construction analysis, etc.). 
As mentioned in the previous sub-chapter, GeoBIM is a CityGML ADE extension 
employed to obtain IFC semantic information data into a GIS framework, via a 
conversion process of IFC to CityGML implemented in the open source Building 
Information Modelserver. 
De Laat and Van Berlo [2011] mention that the real integration of BIM and GIS 
would be at the point where the one word can learn from the other, In other 
words, thiw integration will be be successful when using the strong parts of BIM 
technology in GIS and the strong parts of GIS technology in BIM. The main part of 
their research is the development of a GeoBIM extension on CityGML for IFC data 
achieving the addition of semantic information from IFC into CityGML.  
The authors conclude that the transformation of IFC semantics into CityGML 
has shown promising remarks, however in order to fully integrate IFC and GIS 
research and implementation of prototypes should be done in central model 
servers. 
At a recent research, El-Mekawy et al. [2012a] and El-Mekawy et al. [2012b]  
address the need for combining IFC model with CityGML and propose a unified 
model which is defined as a superset model concept containing the features 
from both IFC and CItyGML models, while omitting their relationships. This 
approach shows promising results as the Unified Building Model [UBM] can be the 
common ground whereIFC nad CityGML models can be smoothly integrated 
without any need for conversion [Figure 3.12]. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.15 : The UBM as meta-model [El-Mekawy et al., 2012a] 
An implementation of UBM in ArcGIS is presented in Figure 3.13, which depicts 
part of a perspective model representing an IFC building (right side), and a 
combination of a CityGML building (left side), and its CityGML surrounding 
environment El-Mekawy et al. [2012b]. 
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Figure 3.16: UBM representation of IFC and CityGML data integrated, El-Mekawy et al. [2012b]. 
The need for the integration of the two models is nicely presented by El-
Mekawy et al. [2012a] at the following diagram. Nowadays, multiple initiatives have 
been developed (e.g. INSPIRE Directive, etc), which suggest the creation of 
common spatial applications and they require the integration or, at least, the 
communication, among the existing standards for spatial information. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.17: Proposed integration approach for CityGML and IFC integration, El-Mekawy et al. [2012b]. 
Additionally, International Alliance for Interoperability [IAI] advancing BIM work 
based on the Industry Foundation Class [IFC] standard, and eXtensible Markup 
Language [XML[ and XML-based GML expressions of IFC are being developed to 
improve the integration of geospatial as well as architecture, engineering, 
construction and facilities management [A/E/C/FM[ information in a single model.  
enerally speaking, there is need to integrate the “” aspect
[geoinformation] with BIM, towards the concept of smart cities. 3D Cadastre is an 
example of Geo-BIM, as shown in Figure 3.18 from toter’s presentation at the
same event [Stoter, 2014]. 
 This challenge was introduced in Geo-BIM – Smart Infrastructure event in 
Amsterdam [http://www.geo-bim.org/europe/speaker.htm]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.18: 3D Cadastre, an example of Geo-BIM [Stoter, 2014].  
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3.4. Conclusions 
 
Nowadays, most countries have developed their own land administration 
system; which serves the country’s needs. Those LASs are not always based 
on an international standard; which creates many problems mostly on the 
compatibility and interoperability of the responsible organizations both inside 
and outside of the country. Although the approaches concerning 2D and 3D 
properties in each country differ, they share similar principles that can be 
found. Standards are based on those similarities.  
Standardization is defined as the development of agreements and rules 
amongst users to create unity and clarity where diversity is unwanted. 
Standards and communication protocols are key concepts towards this 
direction. In this chapter, some of the most important models for land 
administration are presented together with standards for storage and exchange 
of geo-information, in the context of 3D cadastres. 
Nowadays, multiple standardization organizations propose many different 
standards to support different activities. They can be de juro standards or de 
facto 2 , open or proprietary. Standards for conceptual models, technical 
standards and specifications as well as communication protocols have been 
introduced in order to enable, facilitate and improve the maintenance and 
exchange of geographical information between different organizations in the 
same country or from different countries. 
According to Van Loenen [2014], standards represent an effective way of 
transmitting information facilitating co-ordination and communication and 
promoting compatibility. They reduce the complexity resulting in simplicity of the 
processed they refer to. The aim of standardization is to adapt a world of 
increasing interdependences with a comparative advantage. 
 
Additionally, the importance of SDI increased over the last years. SDIs became 
very important due to the rapid improvements in spatial data collection and 
communication technologies. The recent explosion in the amount of spatial data 
calls for better organization, management and analysis, specialized systems and 
use of standards for spatial types and spatial operations and there the SDI 
comes into account. To benefit from this data and use it for decision-making and 
planning, data should be available and assessable for the responsible 
authorities and therefore many countries have developed their NSDI. 
In this chapter significant standards in the domain of geo-information and 
land administration were described and their interoperability was discussed. The 
main purpose of standards is to facilitate interoperability and data exchange, 
which means that they should be compatible. 
 
“The nice thing about standards is that you have so many to choose from.” 
 
[Andrew S. Tanenbaum] 
 
 
 
 
                                  
2 De jure standards: standard published by an official institution/ legal obligation to use 
the standard  
De facto standards: in practice a standard; a custom, convention, product, or system 
that has achieved a dominant position by public acceptance or market forces [e.g., 
QWERTY, PDF, etc] 
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Recent works suggest that the utilization of LADM international standard for 
cadastral domain is significant as mentioned by several researchers: Lemmen 
[2012] Van Oosterom et al [2011], Pouliot [2011], Hespanha [2012] and Ary Sucaya 
[2009]. Many countries such as Poland, Republic of Korea Malaysia, Indonesia, 
Croatia, etc. have proposed country profiles based on LADM as reported by 
Bydlosz [2013], Kim et al [2013], Budisusanto et al., 2013 and Vucic et al [2013]. 
There is no reason to refer to all of the existing profiles here. For that reason, a 
selection was made according to the most recent profiles, which make use of 
the latest technological advancements and also have common aspects with the 
Greek proposed LADM model, and they are presented in this chapter. 
The first LADM country profile presented here is the one of the Russian 
Federation. As a conceptual model it is not very different from the classes of 
ISO 1952, however it explores the possibilities to use LADM as a reference model 
in a 3~ }adastre. {t the same time a “ussian-Dutch Project: 3D Cadastre 
Modeling inussia”wasconducted aiming to evaluate the possibilities for better 
reflecting the real world through a 3D Cadastre. It focuses more on 
implementation of a prototype trying to solve the problem of multilevel 
complexes and underground and elevated objects. It is considered as very 
technical proposal with a useful and interactive interface. 
The proposed LADM profile of Malaysia is chosen to be presented here for 
the following reasons: a lot of work and research have been conducted the last 
two years for the creation of a model compliant with LADM and based on the 
existing Malaysian model; 2D and 3D geometries are integrated in the proposed 
model; the concept of levels as groups of spatial units with thematic or 
geometric coherence is used as well as a prototype is created for the creation 
of a technical model derived from the conceptual schema using the latest 
technological developments, the implementation of the conceptual model in a 
database and querying in 2D or 3D the database using an interface to visualize 
the result. 
Another reason for referring to the Malaysia LADM country profile is that 
some important aspects during the whole process of the prototype 
development are considered to be used for the Greek LADM country profile. In 
particular, the proposed model [6.4] also uses the concept of levels in order to 
better manage the different types of spatial units in the country and also is 
expected that in future this work will be continued in order to develop a 
prototype for the proposed Greek LADM profile. 
On the other hand, the LADM profile of Israel is mentioned because Israel was 
one of the first countries towards the exploration of 3D Cadastre solutions, 
involve multiple organization for the exchange, storage and distribution of the 
information and also uses the 3D sub-parcel principle. Additionally, the country 
profile is extended to the third dimension and also makes use of current 
technologies for 3D modeling. Therefore, it is considered as one of the most 
recent, complex and successful examples. 
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4.1. The Russian Federation 
 
Aiming to introduce 3D cadastre registration in the Russian Federation, the 
Russian Government commissioned 3D cadastre modeling project. After the initial 
analysis of the Russian legislation, an inventory of possible use cases in Russia, 
andtheexaminationof3~}adastre‘solutions’inothercountries,theprojectis
currently in the phase of the design of a 3D Cadastral model, which will then be 
followed by the development of a prototype system. The project is based on 
experience of the Netherlands [Stoter, 2004; Stoter and Van Oosterom, 2005] and 
other countries [Van Oosterom et al, 2011].  
There are multiple Russian and Dutch partners in this project. Van Oosterom et 
al., 2012 analysis showed that the cadastral law in the Russian Federation is 
quite generic concerning 3D situations: it neither explicitly mentions 3D, nor 
does it prohibit 3D volumetric parcels for registration. However, the Russian 
Federation has a strong drive towards a 3D cadastre for better registration of 
complex buildings, or other types of constructions, and subsurface networks 
[e.g., cables and pipelines]. 
The current cadastral parcel registration system is 2D polygon-based, in the 
terminology of the LADM. The database contains the full history of the parcel 
since its creation. The Russian Cadastre registers more than land parcels and 
depending of the area, urban or rural, in different scales. In particular, the 
Russian cadastre registers five types of objects: 
o Land [parcels], 
o Buildings, 
o Apartment Units, 
o Other structures [bridges, pipelines etc.] and  
o Unfinished objects, i.e. objects under construction [buildings, 
bridges, pipelines, etc.].  
The implementation of this model, both the administrative and spatial parts, is 
realized via the two existing databases of Rosreestr [the responsible 
organization for the Cadastre]: the ‘}adastre’ database and ‘egistration’
database. 
The design of the 3D Cadastral model is based on an analysis [of the 
geometric part] of the current Cadastre registration. As a reference model the 
ISO 19152, LADM has been used ] 
 
Diagram 4.1]. This already includes a 3D spatial profile.  
Based on the requirements derived from the potential use cases, it was 
decided that the 3D registration is based on two objects: 3D polyhedron volume 
[flat planes] or 3D multicurve with diameter [curved surfaces around pipelines]. A 
topologically structured 3D Cadastre, is not conform the current 2D Russian 
Land Registry, which has no topology.  
The motivations in favor of the selected approach are that this approach is in 
line with the existing 2D registration and should be relative easy to implement. 
The 3D volume parcels have their own geometry, similar as in the current 2D 
database (via polygons). However, the geometry is represented by a polyhedron 
(volume bounded by flat faces) or multicurve with diameter. Consequently, the 
advantages are clear: relatively easy implementable with current technology 
(database, GIS/CAD), and similar to polygon approach in 2D. A drawback is that it 
does not support a topology structure [for better quality guarantees] and no 
curved faces. This means that during data entry careful checks have to be 
implemented to validate that 3D volume parcels are well formed and non-
overlapping. Because curved faces are not supported (except via multicurves 
with diameters for pipelines and cables), curved boundary surfaces need to be 
approximated by a series of flat surfaces. This is not a serious limitation and 
quite a practical and easy to implement solution. 
 The model is used for the specification of the rules for the initial registration 
of 3D parcels, for the extended database schema, and for the dissemination and 
visualization of the 3D parcels in combination with the existing 2D parcels.  
The technical model requires to develop guidelines describing how in the 
future in Russia, 3D parcels must be submitted for registration. These guidelines 
are based on experiences in other countries; especially the Queensland 
‘~irectionsforthereparationoflans’.}hapter 10 of these directions describes 
exactly how a volumetric parcel should be described so it can be registered. 
Based on this example and after analyzing the Cadastre in the Russian 
Federation, the guidelines are defined for the registration of new 3D 
parcels/cadastral objects [Vandysheva et al, 2011]. 
 
Diagram 4.1: LADM profile of the Russian Federation [ISO 19152, 2012]. 
The preference is to store the 3D parcels in the same database table as the 
2D parcels, so no database schema change is needed. However, an alternative 
option would be to introduce a new table for these 3D objects. It is possible to 
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derive from the 3D geometry the 2D contour of intersection of 3D object with 
the surface z=0 and the 2D projection contour of the 3D object on the surface 
z=0. These 2D contours (polygons) do not have to be submitted as they can be 
computed. So, it is possible to store these derived 2D polygons together with 
the 3D polyhedron. It has to be decided whether these are computed on the fly 
or stored explicitly. The new 3D parcels have to be validated against the 
existingarea’s(2D parcels) and 3D objects: are the rights properly transferred.  
There are different options to store the 3D data: 
o Documents in 3D PDF: the advantage is that both legal text and 
drawing can be integrated into one document and then submitted. 
However it is not possible to directly extract the 3D geometry. 
o 3D data in XML: the actual encoding of a 3D parcel will be done in 
the XML based on the integration of LADM-3D and CityGML. This 
enables explicit link between the legal parts of a 3D Cadastre with 
its physical counterpart. 
o 3D data in the Oracle Database: in the administrative part of the 
existing database schema there are no changes at all. Because of 
the use of polyhedron-based objects there are also not many 
changes at the geometric part. 
In order to test the prototype several use cases where used. Figure 4.1 
illustrates one of those. Besides 2D cadastral parcels and related administrative 
(legal) information, each case also includes terrain elevation, reference 
topographic data and 3D. Here, a short underground gas pipeline of low 
pressure is presented. The pipeline crosses a land parcel, on which complex of 
museum buildings are located. Pipeline got two exits on surface (hatches), for 
which two (very small and hardly visible in the Figure) land parcels are allotted 
land parcel 2 and land parcel 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1: At the top the cadastral map fragment including the pipeline and at the bottom two different 3D 
views are depicted [Van Oosterom et al., 2012]. 
After completion this prototype can be used to illustrate and test the 
possible future workflow around 3D parcels in Russia: accepting newly 
registered 3D parcels, and correctly storing them into the database for possible 
future access. 
  
 4.2. Malaysia 
 
The Malaysian land administration system is based on the Torrens system. 
The main objective of the Torrens title system is to make the register of 
documentsoftitleconclusiveevidenceoflandownership.nceaperson’stitle
or interest is registered in accordance with the prescribed registration 
procedures, it will be recorded in the register document of title, and the person 
in whose favor the dealing is registered will become the indefeasible proprietor 
or interest holder to the exclusion of all others. The current cadastral system in 
Malaysia is still not able to answer several 3D situations as proposed by Stoter 
o2004], Thomson and van Oosterom [2010] as the 2D cadastre still plays a 
dominant role in the land administration.  
During the last couple of years, the potential of 3D and LADM based cadastral 
registration in Malaysia has been investigated and described in several papers, 
[Abdul Rahman et al, 2011, Tan and Looi, 2013, Zulkifli et al, 2013]. All this research 
has resulted in a proposal comprehensive LADM country profile supporting 2D 
and 3D cadastral registrations in Malaysia and in a prototype, which will be used 
for the implementation of the conceptual model. The prototype has limited 
functionality, as the main purpose is to access the conceptual model and derive 
the technical model; it will not address multi-users aspect or develop a Web-
based interface for dissemination. 
To start with, in Malaysia there are two organizations responsible for 
managing and maintaining the cadastral system with different responsibilities. 
The Malaysian land consists of multiple types of spatial units. Additionally, the 
concept of sub-division of a building into parcels together with numerous other 
amendmentswasintroducedinthecountryattheearly70’sandsincethenthe
Strata Titles Act enacts. Figure 4.2 illustrates the various types of cadastral 
objects related to Strata Titles within a lot. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2: Various cadastral objects related to strata tiles within a lot [Zulkifli et al., 2014]. 
As mentioned before, based on earlier work the Malaysian country profile is 
nowbasedoninheritingfrom{~classes,“_”istheprefixforthealaysian
country profile. The administrative part is adopted from the LADM standard [the 
classes are directly inherited by LADM and that is why they are not presented 
here], the spatial part contains various refinements and 3D geometric 
descriptions.  
Diagram 4.2 Illustrates the proposed spatial profile based on LADM. In the 
proposed country profile spatial units can be 2D or 3D. The model has 
introduced an abstract class MY_GenericLot holding the attributes of a lot and 
this class has two specializations MY_Lot2D and MY_Lot3D, with their own 
attributes and structure. Currently MY_Lot2D is based on 2D topology with 
references to shared boundaries [MY_BoundaryFaceString]. In the 3D case, 
topology is not used: not for lots (MY_Lot3D), nor for strata objects. 
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Diagram 4.2: Overview of the spatial part of the Malaysian LADM country profile; blue is used for strata titles 
related classes [Zulkifl et al., 2014]. 
In the model one strata object type remains to be represented in 2D, 
MY_LandParcel (with building no more than 4 storeys). The other strata objects 
are all proposed to be 3D and therefore inherit form an abstract class 
MY_Shared3DInfo, with strata specializations (and mutual aggregation 
relationship): MY_BuildingUnit, MY_ParcelUnit, MY_AccessoryUnit, 
MY_CommonPropertyUnit, and MY_LimitedCommonPropertyUnit. As there can be 
several imited}ommonroperty’s in one }ommonroperty, this is modeled as a
part-of relationship to MY_CommonProperty (the aggregation class). 
To make the model comprehensive and future proof, a wide range of spatial 
units can be supported including legal spaces for utilities [3D], customary areas, 
and reserved land (forest, wildlife areas). The various types of spatial units are 
organized in levels using the class MY_Level. For this class there is an attribute 
type that described level type of the spatial unit, which will include: customary, 
lots, buildings and utilities. The code list for these attributes can refer to 
MY_LevelContentType. 
According to ISO 19152, 2012, LA_Level and therefore, MY_Level is a collection 
of spatial units with a geometric or thematic coherence. For Malaysia the 
following levels are proposed: level 0 for customary, level 1 for reserved land, 
level 2 fir 2D lot, level 3 for 3D lot, level 4 for strata and level 5 for utility.  
In Malaysia standard codes for features and attribute code exist according to 
law. Newly proposed code list for the non-spatial and spatial packages have 
been proposed, see more in Zulkifli et al., 2014. 
After the creation of the conceptual schema the first step of the prototype 
development was the conversion of the conceptual schema into a technical 
model; the target is a database schema (in Oracle Spatial). A class in the UML 
model normally corresponds to table with same name in the database schema. 
Additionally, there are also views, tables for code lists and additional tables for 
representing relationships in case of a many-to-many relation between two 
classes. 
 There are many types of constraints e.g. the primary key must be unique, 
endDateTime > beginDateTime, end date of previous version must be equal to 
start of next version, sum of shares must equal to 1, boundary of lot must be 
closed, boundaries may not intersect, etc that need to be implemented in the 
database. There are several issues concerning the creation of the technical 
model in the database such as the use if views, clustering and indexing and the 
topological structure that are analyzed in Zulkifli et al., 2014 prototype.  
Additionally, some sample data are converted into the model in order to test 
the efficiency of the database. After creating the database schema and loading 
sample data, the prototype frontend development is based on Bentley 
Microstation [Figure 4.3]. Using this application, queries are conducted via the 
visual SQL Query Builder. In general, the prototype development consists of four 
steps as depicted in the next figure. 
 
 
 
 
 
 
 
 
 
Diagram 4.3: the four steps of the prototype development [Zulkifli et al., 2014]. 
The current prototype only covers 2D lots and 3D strata objects and the 
remainder of the classes will be dealt with at later development stage. The 
outlook of this research is as follows, realization of a near future prototype that 
covers all functionalities with large area, development of regulations for digital 
certified plans with 3D objects, redesign XML exchange formats for LADM based 
on Malaysian data, and creating prototype with appropriate web interface for 
land office data accessibility. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3: 3D data query and visualization of MY_ParcelUnit using Bentley Microstation [Zulkifli et al., 2014]. 
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4.3. Israel 
 
Israel is a relatively small country, with a rapidly growing population, the 
pressure on the available land/space is increasing, and today’s technology is
enabling 3D functionality It was among the first countries in the world to 
address the topic of 3D representations in the cadastral registration [Benhamu 
and Doytsher 2001, Forrai and Kirschner 2001, Sandberg 2001 and Sandberg 
2003]. This was facilitated by a two year 3D Cadastre project during the years 
2002-2004 [Shoshani, Benhamu,Goshen, Denekamp and Bar 2004, Shoshani, 
Benhamu, Goshen, Denekamp and Bar 2005,Benhamu 2006] when it was 
proposed for the first time a solution to 3D Cadastre by sub-dividing the surface 
space into spatial sub-parcels. The early R&D in Israel was not directly 
transformed in an operational system due to legal, organizational and technical 
aspects. Despite the fact that the 3D representation was not yet introduced to 
the Israeli registration, the 3D research that have been conducted to many 
topics puts Israel in a high knowledge level. 
In this sub-chapter, the development of the LADM country profile is 
presented, which is a joint activity involving the Survey of Israel, the Land 
Registry, Israel Land Authority [93% of the land in Israel is in the public domain, 
and ILA is responsible for managing this land], and the licensed surveyors 
[creating the new 2D and 3D parcel representations[. This is one of the reasons 
this LADM profile was selected to be mentioned here as there are many 
different organizations involved and strong cooperation is needed. The 
cooperation is not only needed for creating the Israeli LADM country profile, but 
also to agree on new functionality as well as for data exchange, data 
synchronization and joint data delivery. 
As Israel has already explored possibilities and difficulties of 3D Cadastre for 
quite a long time, requirements were set of which the main two aspects are 
[Shoshani, Benhamu, Goshen, Denekamp and Bar 2005]: 
o Prepare appropriate legislation framework and, 
o Solve the problems derived for a 3D Cadastre from the 3D sub-
parcel principle. 
The 3D sub-parcel concept is based on subdivision of the unlimited column 
of space implied by the 2D surface parcel into at least one completely bounded 
3D volume and a remaining (unlimited) space. The bounded 3D volume is within 
the column of the 2D surface parcel [Felus et al., 2014], see Figure 4.4. 
The logic behind the sub-parcel is the following: the owner of the surface 
parcel (3D column of space) splits the owned space and sells one part to 
another party. For long infrastructure type of objects the result is that one 
object, such as a tunnel, is to be represented with many 3D sub-parcels. 
To each of the 3D sub-parcels the same right and party should be attached, 
both initially, but also in future transactions (e.g. tunnel is sold to a company). 
This is redundant information and error prone. After a lot of research it is 
conclude that it is better to allow 3D parcels crossing many surface parcels. It 
has recently been decided that whilst being a necessary stage in the process 
of creating a new 3D parcel, it will not be the final stage. Within a cadastral 
block the temporal sub-parcels are merged into a single larger and connected 
3D parcel with same right and party information attached. 
Moreover, concerning the legal aspects a more in-depth analysis was 
conducted for the existing legal tools and concluded that the preferred solution 
is to establish specific legislation for creating spatial parcels. Similar to the 
scoping questions raised by the FIG Working group 3D Cadastres [van Oosterom, 
et al, 2011]. 
Israel, as any other country, has to consider where, when, and how to apply 
3D Cadastre. It may be wise to design a more generic solution, from legal, 
organizational and technical points of view, of which initially only the most 
urgent cases will be represented in 3D. However, it is to be expected that in 
 less urgent cases the needs or expectations of society in the future may also 
change and it is wise to anticipate or even stimulate these future uses of 3D 
registration [Felus et al., 2014]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4: 3D presentation of the spatial sub-parcels on the background of existing land parcels [Shoshani et 
al., 2005] 
The Israeli country profile both considers the current registration (in 2D) and 
the wishes for the future registration. Therefore the first step is analyzing the 
key concepts in LADM and their counterparts in the actual registrations and link 
related concepts. Diagram 4.5 shows a UML diagram of the current registration in 
the initial Israeli country profile as specializationof{~.heprefix‘_’isused
to indicate the fact that this is the Israel country profile. The following 
inheritance relationships are shown IL_Parcel (from LA_SpatialUnit), IL_ParcelArc 
(from LA_BoundaryFaceString), IL_ParcelNode (from LA_Point), IL_Gush (from 
LA_SpatialUnitGroup), and IL_Talar (from LA_SpatialSource). 
The first step towards 3D parcels is the introduction of the 3D 
IL_BoundaryFace (from LA_BoundaryFace), but this needs to be further 
developed. The same is true for the administrative side of the Israeli LADM 
country profile. 
A cadastral registration with 3D support has impact on the complete process: 
from data acquisition until data dissemination in 3D and all steps in between. 
Diagram 4.4 shows the seven steps in this workflow. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Diagram 4.4: The 3D cadastre workflow in Israel [Felus et al., 2014]. 
The process begins by providing the spatial data sources of the new 3D 
parcels. Today, new buildings are often directly designed in 3D and with some 
limited additional effort it should be possible to create the relevant 3D cadastral 
objects. With respect to step 3 the DTS has a range of options: LandXML or 
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InfrGML, BIM/IFC, other prototypes, etc. The next step covers the automated 
quality control in 3D for topological and geometrical errors. After that, the 3D 
parcels have to be stores in the database, be visualized and disseminated 
either through web or desktop. 
Additionally, there are different ways to model 3D parcels in LADM. It gives the 
opportunity to extend the existing 2D database with 3D LA_Level. For instance, 
the parcel 2D records (base properties) will be linked with these exclusions/ 
additions [see Figure 4.5]. In order to define a parcel which is open on the side 
of top and/or bottom and bounded on the other sides the LA_Level approach 
with a 2D parcel level and a 3D parcel level is followed: 
o have 3 parcels [A, B, C] in 2D parcel level, implying 3D columns; 
o have 1 parcel [A-1+B-1] in 3D parcel level; and 
o use LA_BAUnit to combine C with A-1+B-1. 
Then the parcels A and B, both 3D columns, have exclusion [A-1+B-1] via the 
LA_Level approach. Parcel C has documented extension via LA_BAUnit grouping. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5: The parking lot parcel is composed out of the shaft parcel [ C] which is infinite parcel A-1 which is 
the exclusion from parcel A and B-1 which is the exclusion from B Felus et al., 2014]. 
 
After developing the Israeli LADM country profile, still many technical design 
and implementation decisions have to be made during the conversion of country 
profile to technical model: identifiers [PK, FK], time stamps, versioning, indexing, 
clustering, multiplicity of attributes and relationships, constraints, derived 
attributes and the earlier mentioned 2D/3D geometry/topology structure. Israel 
supports that this is a national activity with the co-operation of many different 
organizations.  
The fundamental question arises should these 3D space, time and scale 
‘attributes’betreaded separately, or is it worthwhiletodeeply integrate these
in a single higher dimensional representation as suggested in [van Oosterom 
and Stoter, 2010]. These topics are related to the recentlystartedresearch“5~
Cadastral GIS project (5DMpLIS – 5D Cadastre GIS)”byansrael-Greek consortium. 
  
Diagram 4.5: Current situation of the spatial part of land administration in Israel, UML model of the initial Israeli 
country profile as specialization of LADM [Felus et al., 2014]. 
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4.4. Conclusions 
 
Since the establishment of LADM as an International ISO many country profiles 
have been implemented. Some of them have minor differences with the 
proposed classes of the ISO, whereas some others introduce new classes 
according to the particularities of its country. Apart from the three LADM country 
profiles mentioned in this chapter much more have been investigated. From 
those it is concluded that in most of the cases the countries have minor 
adjustments on the administrative [legal] part of the classes of ISO 1952, 
whereas at the spatial part they introduce new classes or extra attributes on 
the existing classes. 
The code lists of each county are adjusted to each legislation system and 
the external classes enable the linking between the legal aspect of the 
registrations with the physical aspect which can be imported from another 
database, outside of the LADM country profile. 
The three profiles that are presented in this chapter have been recently 
created and also focus on the spatial part of the model. In particular, the 
Malaysian profile differentiates a lot at the spatial part form the ISO 19152 classes 
by using the level concept and create sub-classes from each one of the 
different kind of spatial units in Malaysia. 
Additionally, all of them show the flexibility of the LADM and the opportunity to 
use it as a reference model and based on that derive a technical model. In the 
three cases a prototype is developed starting from the use of LADM as basis 
for the conceptual model, continuing with the creation of a technical model 
based on the conceptual, then sample real data are implemented into the 
database and at the end the result is visualized in an {interactive] interface 
where 2D/3D queries can be executed. 
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 The Hellenic Cadastre (HC) is a unified and constantly updated system of 
information that records the legal, technical and other additional details about 
real estate properties and the rights on them.  
The Hellenic Cadastre is an ongoing project expected to be completed due to 
2020. This chapter presents the plan and the progress of the Hellenic Cadastre 
since its birth. The Greek government and in particular, the National Cadastre and 
Mapping Agency S.A. is the responsible organization and has the mission to 
study, develop and operate the Hellenic Cadastre. Its goal and scope is 
analyzed here together with the Infrastructure Programs that have been 
created in order to support the project of the HC. 
5.1. The two systems of Land Record Management in Greece 
 
Greece is in a transition period the last years moving from the “Mortgage 
Office” system to a fully digital Cadastral System. The development of the 
Hellenic Cadastre aims at the creation of a modern, fully automated real estate 
property record, whose details are of an evidentiary nature, ensuring the best 
publicity and security of transactions. 
5.1.1. Registration and Mortgages System 
 
For the majority of areas throughout Greece the System of Registrations and 
Mortgages is still the method for the registration of legal titles regarding the 
transfer of a property. This system is based on the person or entity that owns 
the land at any given time. Under this system a copy of each deed of transfer 
of property rights is deposited in the deed registry in a chronological order.  
It is not possible to locate a property in the Mortgage Office archives 
based on its address or location. The registry is supplemented by a land charge 
register, which provides information about charges, mortgages, real servitudes 
and property claims. In addition, an index of names of vendors, of purchasers 
and of claimants is provided, related to the Volume and folio in which the deed 
is registered. You must know the name of the last person who legally owned 
the property. The property will be listed under their name. So if you are 
researching at the Mortgage Office to determine the status of a title, and there 
is no deed on file, you will be unable to locate the property.  
The registration of parcels is usually coupled with an extensive verbal 
description of boundaries or/and a graphical plan, attached to every transaction, 
obligatory since 1977 and deposited to the Notary Public [Zentelis and 
Dimopoulou, 2001]. In regions where the cadastral survey remains in progress, 
Land Registry Offices are still valid, operating alongside with the corresponding 
Cadastral Offices. Besides, the legal definition of real property provided by the 
old system does not always reflect the actual condition on the terrain and this 
situation creates further confusion in the manipulation and management of land 
issues within the Greek territory and best evidence cannot easily be proved. 
In particular [Tsiliakou and Dimopoulou, 2011] mention that deeds do not 
contain 3D information related to the heights applying on real estate, but 
relevant descriptive information. The only exception is when the legal 
description in deeds is accompanied by topographical plan including 
coordinates and/ or heights. Additionally, Land Registry Offices retained legal 
information related to land parcels and this information was [and still is] updated 
by new deeds describing recent transactions on real property. Similar problems 
apply for the HC project, since only the legal information is updated, while there 
is no capability for local offices so far, to maintain and update spatial data.  
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5.1.2. System of Operative Cadastre 
 
Upon completion of the cadastral survey of a region, the system of 
“Registrations and Mortgages”isreplacedbythesystemof“Operative Cadastre”. 
Under this Land Registry system, all properties are catalogued by both their 
street address and the name of whoever proves ownership (the legal owner, a 
trespasser). In case that no one appears to claim ownership, the property is 
characterized as “of unknown owner”: which if no one with a rightful claim 
comes forward, will eventually end up being claimed by the Greek state. 
The New Land Registry System will allow for both the location of the property 
to be tracked as well as the name of the current owner of the property. So 
feasibly, in the near future, if you wish to research the legal status of a 
property, you will not need the name of the current owner, you will just need 
the address. 
The system was designed as a parcel-based land information system, 
serving as a legally recognized record of land ownership. The aim of the project 
is to establish a complete, uniform, systematic and always up-to-date 
registration of land parcels in Greece and guarantee titles to those parcels 
brought on to the register by the adjudication process, issued according to 
relative legislation [Law 2308/1995 & 2664/1998]. These registrations consist of 
the geometric description of the parcels and the ownership situation on them. 
The procedure of collecting and maintaining the data is overseen and 
guaranteed by the Hellenic State. The project also, aims to include additional 
valuable information, which is necessary to support developing activities of the 
country.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 5.1: The transition from one system to the other [Kalogianni et al, 2014]. 
  
 In a nutshell, the Hellenic Cadastre is an integrated system, admittedly more 
effective than the old system of registrations and mortgages supported by the 
Land Registry Offices. By registering their properties in the Cadastre, owners 
achieve the full registration of information relating to each and every property 
individually, combining both spatial and legal details. 
 
5.2. The HC Project 
 
The HC project started in 1994, based on an initiative of the Ministry of 
Environment, Physical Planning and Public Works [now is renamed as Ministry of 
Environment, Energy and Climate Change], the financial support of the EU [2 
Community Support Frameworks] and the Hellenic State. Ktimatologio S.A. [now 
renamed to NCMA S.A.] established by a joint decision of the Ministries of National 
Economy and Environment, Physical Planning and Public Works [M.D. 
81706/6085/6-10-1995 MDGG872B/19-10-1995] executed this project in co-operation 
with a private consortium, the Hellenic Cadastre Consult [HCC] for the promotion 
of the project. 
The purpose of the project is the systematic collection, registration, 
organization and multipurpose management of the spatial information in relation 
with its legal/ownership status all over the jurisdiction. 
Some of its main features are: 
o Guarantee the land tenure and improve the land market, 
o Safety of publicly owned land, 
o Elimination costly and time-consuming paper-work and bureaucratic 
procedures, 
o Assistance of the management of land and monitoring of land use 
and  
o Facilitation of the sustainable development and environmental 
protection. 
Responsible for preparing strategies and providing the necessary 
infrastructure data (topographic data and aerial photography) is the Hellenic 
Mapping and Cadastral Organization (HEMCO) [Law 1647/ 1986], a governmental 
organization under the Ministry of Environment, Physical Planning and Public 
Works. The development of the Hellenic Cadastre relies greatly on the 
collaboration between public sector and private surveying engineering 
companies, who have the means to complete the tasks contracted to them by 
Ktimatologio / HEMCO.  
The project comprises so far two pilot programs and the 1st main program. It 
is expected that the ongoing cadastral works within this framework will cover 
16% of urban areas, 10% of agriculture land and 7% of forestland areas, in 447 
municipalities. In its operational phase the cadastral activity will be undertaken 
by regional and local cadastral offices, responsible for maintaining and updating 
cadastral maps and registers. The setting up of these offices will at first 
correspond to the existing mortgage bureaus, in order to ensure that legal 
support will be provided for the first registrations. Further on the system will be 
developed towards the establishment of an information system that will upgrade 
all cadastral activities, and provide the end users of the system (landowners, 
associated organizations, etc.) with the necessary certificates containing all 
information concerning property rights, transfers of rights etc. This will greatly 
facilitate all legal transactions [Zentelis, 2001]. 
The Hellenic Cadastre introduces innovations that constitute it a truly 
fundamental project for Greece, resulting in significant benefits for the citizens, 
Hellenic economy and the protection of environment. 
The Hellenic Cadastre: 
o Proceeds to the definite, without contestations, registration and 
consolidation ofthecitizens’realproperty. 
PART II  The Hellenic Cadastre /5 
 
 111 
o Limits bureaucracy and real estate property transfer procedures 
become simpler and faster. 
o Reinforces transparency and security in property transfers. 
o Upgrades the real estate property market and raises the property 
value so that significant investments are attracted. 
o Demarcates irrevocably and ensures State and municipal property. 
o Protects the environment more effectively. The irrevocable 
demarcation of forests and coastal zones will constitute a most 
serious impediment against encroachment and arbitrariness. 
o Constitutes a pivotal tool for the sensible organization and 
development of the country. 
 
5.3. Legal Framework 
 
Registration of all the rights exercised by the owners to their properties, all 
over the Greek territory. The problem is that the public property is not yet 
recorded in its whole in a national scale. This means that there is no knowledge 
for its extent, leading to infringement from individuals.  
This is due to the fact that Public State was not obliged to register its 
properties since July 2013 according to the existing legislation. However, 
according to the Law 4164/2013 the Greek State is obliged to register all its 
properties. 
Cadastral legislation dates back 1n 1995, when the HC projects started and 
since today multiple laws have been formed changing the legal framework. The 
most important are: L. 2308/1995, L. 1664/1998, L. 3127/2003, L.3208/2003, L. 
3481/2006 and L. 4164/2013. Additionally, the Civil Code of 1964, the cadastral law 
of the Dodecanese islands and the concept of Byzan-oman law “superficies 
solo cedit” [whatliesaboveorbelowthesurfacebelongstotheownerofthe
corresponding land-parcel] are dominant frameworks for the operation of the HC. 
For the horizontal ownership aw 3741/1929 about “ownership per floor” or 
“ownershipofmines” together with the current }ivil}ode about “horizontal co-
ownership” are the most important frameworks. herefore, the }ivil }ode [“legal 
implantation right on foreign land”,“surface or separate ownership legal right on 
plantation, trees or constructions on foreign land”] and the customary laws of
}ycladesislands[“possessor of the ground-floor is the sole owner of the land-
parcel and the subsoil”] are the framework for the complex properties 
[Papaefthymiou et al, 2004]. Additionally, the customary law, which applies to 
several Aegean islands, controls legal relations on ownership rights, such as 
joint properties, constructions on foreign parcels, etc. is milestone for the HC as 
it concerns unique cases. SRPO apply in this case as well. 
After a comparative review of all countries’ questionnaires concerning 3~
Cadastre, Tsiliakou and Dimopoulou [2011] mentioned the main deficiencies of the 
Greek legislative framework regarding the registration of 3D objects: 
o There is no generic or specific legislation stipulating the three-
dimensional description of objects, even in a 2D way. 
o There is no specific legislation describing the specifications for 
surveying plans in 3D, even in 2D. Note that the ~odecanese’s
Cadastre is separated and provides floor plans per floor of 
property additionally to the cadastral plans of land parcels. 
Consequently, a clear view of the allocation of rights in the vertical 
component is provided. 
At this sub-chapter two of the most important laws for the HC project will be 
briefly introduced: Law 3481/2006 and Law 4164/2013. Apart form them, different 
kind of rights will be further analyzed. 
 
 5.3.1. Law 3481/2006 
 
Law 3481/2006 set the Hellenic Cadastre on new foundations with regard 
both to the cadastral survey, since the law simplifies and speeds up the 
survey’s completionand ensures atthesame time the project’s financing, and
totheimplementationofthe}adastre’sinstitution. 
More analytically, the most important changes that this legislative amendment 
brought about are the following [http://www.ktimatologio.gr]:  
1. The time and cost of the cadastral survey procedure are reduced. The 
second public presentation (suspension of data) is abolished and the 
relevant processes are merged in the context of a single public 
presentation (suspension). The collected data will be crosschecked and 
verified. Following that, they will be publicly presented only once, so that 
the interested parties can submit either correction applications for simple 
(obvious) mistakes, or objections to be judged by a committee, in which a 
judicial officer will be presiding. 
2. The correction procedure for the so-called “obvious mistakes” of the
initials registrations is simplified. Following a simple application filed by 
the interested party to the Head of the competent Cadastral Office, the 
latter can correct the so-called obvious mistakes, which refer to any 
detail of the registration and mainly to the beneficiary, the right, the 
ownership title and the real property, observing certain conditions which 
guarantee that the correction does not involve any arbitrary 
modifications.  
3. The procedure of judicial correction of the registrations referring to an 
“unknownowner”isacceleratedandsimplified.ncaseacitizendoesnot
submit an ownership declaration during the cadastral survey procedure, 
their property is registered in the Hellenic Cadastre flagged to belong to 
an“”.rovidedthebeneficiaryholdsofficial legaldeeds,
he/she can request the correction of the relevant registration even after 
the completion of the cadastral survey. Up to now, the correction was 
possible only through a strict, expensive and time-consuming judicial 
procedure. Corrections of this type will be now performed through a 
simple and timesaving procedure of “voluntary jurisdiction”, in which the
court decides upon the correction request without any litigation and the 
procedure is completed in a very short period of time. This way, the 
guarantee of judicial control is maintained and transactions are facilitated. 
4. heproject’sfinancingisassured.hecostofthe}adastreisestimated
at about 1.5 billion Euros. Since it is no longer financed by the European 
Union, we proceeded with the self-financing of the project with a realistic 
and just “cadastral fee”. urthermore, the tate will contribute to the
project an amount of about 260 million Euros. 
 
5.3.2. Law 4164/2013 
 
At a time when the reorganization of the public sector of our country and 
the improvement of its competitive position in the international environment 
constitute a primary -national- objective, the National Cadastre, as a key 
development tool, enters into a new phase, further improving the conditions of 
operation and application of the institution with the passing of Law 4164/2013 
about “upplementation of the provisions governing the ational }adastre and
otherregulations”[Gov. Gazette156/{ /09.07.2013].  
The new Law on the National Cadastre contains important regulations that 
safeguard the public property and facilitate the transactions of citizens in the 
context of both the cadastral survey procedure and the operation of the 
Cadastre.  
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The law's main objectives are, among other things, the acceleration of the 
cadastral survey, the simplification of the procedure for correcting initial 
registrations, the cutting of red tape, the introduction of a system for online 
remote service. In this way, a significant saving of resources is achieved, and 
the Cadastre is rendered more functional and more citizen-friendly. An important 
development is also the establishment of the State's obligation to submit 
declarations, which will lead to the complete recording of public property, with a 
view to protecting and exploiting it.  
In this context, the new law contains regulations for the quick and 
unhindered progress of the necessary calls for tenders, by shortening the 
tendering procedure for the awarding of studies by one stage. This regulation 
boosts to the maximum extent the acceleration of the awarding and completion 
of cadastral survey studies until 2020, but also of other contracts for the 
development of studies or the provision of services that are directly related to 
the National Cadastre, such as the formation of forest maps.  
The legislative regulations regarding the operation of the Cadastre include 
the digitization of the transactions with the Cadastral Offices, such as the online 
submission of petitions for the entry of registrable deeds, the issue of 
certificates and the long-distance search in the cadastral records. The company 
“{{ }{~{ {~ { {} .{ " (EKXA S.A.) undertakes the 
organization, structure and logistical support of the operation of Cadastral 
Offices, while at the same time provision is made for the possibility of providing 
central support to the Cadastral Offices and the making available to them of 
specialized personnel to assist their work and, in general, to meet their 
operational needs.  
 
5.3.3. Rights in Real Property 
 
In Greece, the Property law, as part of the Greek Civil Code, regulates the 
main issues related to ownership. Apart from the Civil Code, other Greek Codes 
[e.g., Code of Civil Procedure, Commercial Law, etc.] and various special laws 
[such as “on ownership per floors”, “on compulsory expropriations”, or “on the 
provision of mines, caves and archaeological sites”] contain rules regarding
property rights. 
Some recent reforms affecting real estate property in Greece are more 
associated with environmental issues, residential needs and better land 
organization, within the framework of information society, and of course the 
ongoing project of the Hellenic Cadastre, which will undertake the registration of 
all real property in Greece according to Laws 2308/1995, 2508/1997, 2664/1998 
and 3127/2003. 
Under the Greek legislation, whatever lies above or beneath the surface of 
the earth belongs to the owner of the corresponding land-parcel [with the 
exception of some mines]. Therefore, the ownership of a part of land generally 
includes all the buildings that have been constructed on it [article 954 C.C.]. An 
exception to this principle is the establishment of horizontal and vertical 
property according to article 1002 C.C. in combination to Law 3741/29 “buildings
thatarebuiltonauniformplot”correspondingly. 
After the introduction of the Greek Civil Code the articles 1002 and 1117 have 
set the basic principles of the “horizontal ownership”. {s a result, exists the 
individual ownership of the apartment combined with the joint ownership of the 
land. The owners of the land where the block of flats is built or shall be built 
can set up this separate ownership only with a notarial act, which must be 
registered, or with a will in an existing apartment or in a future one [Mattheou, 
2004]. 
{notherexceptiontotheprinciplethat“the objects lying above belong to the 
objectslyingunderneath“ is established by the article 1010 C.C.: building party on 
 an outland real estate. Apart from this stipulation, other interests in land, such 
as different servitudes, give the benefit of the owner or possessor of other 
land; such as easement of passing through. They are distinguished in negative 
and positive ones and are regulated by the articles 1118-1141 of the C.C 
[Dimopoulou et al., 2006]. 
 
5.3.4. Customary property rights 
 
Customary rights still remain in some parts of the world regulating the 
creation, possession, use and transfer of RRRs. Customary law, controls legal 
relations on ownership rights such as joint properties, implantation privileges, 
constructions on foreign parcels, etc. 
Mostly in the Aegean islands, the customary law regulates most legal 
relations on property rights. Particularly in the Cyclades, due to the lack of 
space, the ground’s intense relief and the socioeconomic conditions that
prevailed, laws arranging the partition of land and buildings and establishing the 
succession to land property have been utilized. Customary law was the 
regulator of the transmission of property from one generation to the next, 
resulting in the structure of the type of property devolved [Dimopoulou et al., 
2006].. In order to give dowry and secure the best possible their children, 
parents adopted various customary strategies, concerning their family property 
[Kasdagli, 2004].  
Property rights are based on multiple legal frameworks (such as statutory, 
customary, case and local laws), which co-exist, influencing each other in the 
course of time. This multiplicity and interaction between legal orders eventually 
result in significant property law modifications, which in turn contribute to 
increase tenure confusion and uncertainty, especially for less favored groups. 
n other words, property rights should be legally “well- defined”, in order to
provide tenure security and efficiency in use [Meizen-Dick&Pradhan, 2002]. 
Greek legislation contains contradictory laws regarding the definition and 
management of property rights, which is rather confusing. It is evident that 
there is a need to perform relevant reforms in order to overcome this situation. 
According to (Tsiliakou and Dimopoulou, 2011], an arrangement would be to reform 
old laws such as (superficies solo credit) Article 954 of the Civil Code, while 
reviewing and redefine those applied to comprise the description of three-
dimensional objects. 
Joint ownerships, implantation rights or constructions on foreign land and 
ownership on a specific part of property, are some of the custom derived 
cases. In some of them, the owner of the legal right might have no percentage 
on the ownership of the land-parcel, while the owner of the ground floor is the 
100% sole owner of the land parcel and its subsoil, and the owner of the upper 
floor is the sole owner of the air, unless it has already been transferred to 
another person [Papaefthymiou, et al., 2004]. 
 
5.3.5. Special Real Property Objects [SRPO] 
 
The concept of “pecial eal roperty bjects” has been introduced in
accordance to the Statement of FIG for Cadastre 2014 [Kaufmann, 1999 and 
Rokos, 2001]. The SRPO include [Tsiliakou and Dimopoulou, 2011; Papaefthimiou, 
2001], see Figure 5.1: 
o Anogia: high-level constructions built, some bridging roads or 
paths, very common on Greek islands and traditional villages. 
o Katogia: constructions built below ground level. 
o Yposkafa: dug-in houses, very common in many Greek islands. 
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o Syrmata: typical seaside spaces common on islands of Cyclades, 
which have a special mechanism to draw the boats inside during 
the winter. 
o Arcades 
o Tanks 
o Wells 
o Arches: structure spanning a space while supporting weight. 
o Windmills 
o Domes: byzantine constructions functioning as large warehouses. 
o Mines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1: a-Anogeio, b-Yposkafa, c-Syrmata, d-Arch, e-Windmill, f-Domes [Tsiliakou&Dimopoulou, 2011]. 
 
5.4. Organizational Framework 
 
Complex organizational framework concerning the Hellenic Cadastre, as there 
are many stakeholders, such as Ministries, institutes and regional authorities 
involved in the process and also there is a significant number of laws dating 
from 1995 to 2013. Table 5.1 depicts the databases and registries maintaining real 
property data in Greece today [Kalogianni et al. 2014]. 
Geographical data are at disposal of the Hellenic Military Geographical Service 
[IMGS]. Until 2013, there was no centralized coordination of relative institutions or 
agencies that maintain the main registries. Therefore overlapping data produced 
by various authorities is common as data is not systematically organized and 
may also exist in different reference systems. Since 2013, an electronic 
document submission from the owner to municipal Urban Planning Offices for 
issuing of building permits is required. Unfortunately, until then, in many 
registries the data is in analog format. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.1: Authorities responsible for registries and databases in Greece. 
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5.4.1. National Cadastre and Mapping Agency S.A. 
 
The company was founded with a joint decision of the Minister of Economy 
and Finance and the Minister of Environment, Physical Planning and Public Works 
[Decision 81706/6085/6-10-1995/overnment azette 872Β/19-10-1995]. NCMA S.A. 
operates according to the rules of private finance and the provisions of article 
5 of Law 2229/1994, of the coded Law 2190/1920, of Law 2308/1995 and Law 
Ν.2664/1998,asthesestandtoday. 
[http://www.ktimatologio.gr/sites/en/aboutus/Pages/qoQhyNCvtozm6ajS_EN.aspx]. 
Furthermore, the company does not fall under the class of organizations and 
businesses of the broader state sector; regulations that concern companies 
directly or indirectly owned by the State do not apply to NCMA S.A.. The sole 
shareholder of the company is the Ministry of Environment, Energy and Climate 
Change [http://inspire.ec.europa.eu/index.cfm/pageid/42/list/6/id/16506]. 
The development of the Hellenic Cadastre aims at the creation of a modern, 
fully automated real estate property record, whose details are of an evidentiary 
nature, ensuring the best publicity and security of transactions. Specifically, the 
main activities of the NCMA S.A. are: 
o To establish the HC in the country. This is accomplished through a 
staged approach that involves designing, planning, and carrying-out 
the cadastral surveys in areas to be incorporated into the Hellenic 
Cadastral System. 
o Records all deeds that establish, transfer, change or abolish rights 
on properties on a real property-centered basis. Thus, everything 
becomes simpler and more definite. 
o Guarantees all legal details it records, since every deed is 
registered only after its lawfulness has been checked, meaning 
that no deed is registered if the transferor is not the person that 
the cadastre shows to be the beneficiary. 
o Records the geographical description [shape, location and size] of 
the property too. 
o Unveils and systematically records the State real property for the 
first time in contemporary Greece. 
o Records the rights evoking from usucaption, which, especially in 
the province, may constitute the most usual way of ownership 
acquisition due to the informal nature of transactions. 
o To support [technically, legally] the operation of the cadastre in 
areas in which the system has been established. 
o To operate the Hellenic Positioning Service [HEPOS], which provides, 
through a network of approximately 100 permanent GPS stations, 
centimeter-level accuracy measurements to users throughout 
Greece. 
o To compile large scale color orthophotomaps (~1:5.000) for the 
entire country and very large scale (~1:1.000) color orthophotomaps 
for the urban areas of the country. 
o To compile specific purpose base maps (about forests and the 
shore) that are necessary for establishing the cadastre in an area. 
o To operate the IT System of the Hellenic National Cadastre. 
o To support legally and technically the operation of the cadastre. 
Ktimatologio S.A. has followed closely the developments about the INSPIRE 
Directive since the initial steps of the initiative. Most of its input, however, has 
been made through the Hellenic Mapping and Cadastral Organization (HEMCO), 
which is the coordinating agency in Greece on issues about the INSPIRE. It must 
be noted that both agencies, HEMCO and Ktimatologio S.A., belong to the Ministry 
of Environment, Physical Planning and Public Works and now they are merged in 
one organization called NCMA S.A. 
  
 I. Cadastral Survey 
 
The implementation of the Hellenic National Cadastre covers 340 areas of the 
country, where smaller cities and villages are included. The development of 
}adastre, “cadastral survey”, at a region is defined as the procedure of
recording the real property or other registrable rights [e.g. full or limited 
ownership, usufruct, prenotification or other real property encumbrance, etc.], 
which a person or a legal entity has on real properties of a specific region of 
the country and the connection of these rights to a specific property or 
properties, as the latter are defined and depicted, after being checked and 
technically processed, on cadastral diagrams. 
On recording a real property right, a series of legal details (register and ID 
details of the beneficiary, way of acquisition of the right, details of the deed 
with which the right was acquired, etc.) are also recorded. Furthermore, land 
parcels are depicted on cadastral diagrams in absolute accuracy with specific 
node coordinates that refer to the Hellenic Geodetic Reference System [EGSA 
’87], specific boundaries and property areas.  
Consequently, the cadastral survey procedure aims at collecting, processing 
and recording property and other registrable rights per property, but also at 
collecting and processing details that allow the most accurate possible 
depiction of land parcels on cadastral diagrams. 
The cadastral survey as it is organized today has a specific time schedule. It 
begins with the declaration that a region is under cadastral survey and it is 
completed with the commencement of the }adastral ffice’s operation in this
region.  
Briefly, the cadastral survey procedure includes the following stages:  
o Submission of property declarations to the Cadastral Survey 
Offices by the beneficiaries and registration of the declaration in a 
digital database. The beneficiary can go by himself/herself or send 
a third party to the competent Cadastral Survey Office, or 
submitted it on-line in the appropriate form. In case that a 
beneficiary did not submit an ownership declaration in due time, 
he/she can submit an overdue declaration during the cadastral 
survey; however a fine is prescribed in this case. 
o Formation of interim cadastral tables and diagrams based on the 
data that has been collected from the submitted declarations and 
has been processed by lawyers and surveyors. The tables will be 
suspended at the Cadastral Offices and the Municipalities. The 
Suspension procedure will allow citizens to check the content of 
the registrations and to submit objections to any errors or 
oversights. 
o  Suspension of the interim cadastral data [tables and diagrams] at 
the Cadastral Survey Offices for a two-month period and dispatch 
of extracts to the beneficiaries for their information. The 
suspension of cadastral data is a particularly important point in the 
process of drafting the National Land Registry. In this way, 
everyone is given the opportunity to verify, confirm or even 
correct possible errors.  
The Suspension consists of: 
a. The Cadastral Table, which includes all property rights for a region, 
as substantiated by deeds and other data collected during the 
survey process. he table is organized according to “{”
(National Cadastre Code Number), which is a number unique to each 
property. 
b. The Cadastral Chart, where the geometrical data of properties is 
shown (position, limits). 
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o  Submission of objections to independent administrative 
committees or applications for the correction of a cadastral 
registration, depending on the case, by whomever has a legal right, 
for a time period of two months for residents of Greece and a time 
period of four months for people residing abroad.  
o Reformation of cadastral data after the examination of the 
objections and the correction claims and formation of the final 
cadastral tables and diagrams. The registrations that appear on the 
final cadastral tables are called Initial Registrations since they 
constitute the first (initial) registration in the cadastre. 
o }ommencementofthe}adastralffice’soperationintheparticular
area in place of the old Land Registry Office. 
Initial registrations in the HC project are the ones that appear in the cadastral 
book of a region, as transferred from the cadastral tables, after the completion 
of the cadastral survey and before the commencement of the HC operation in 
that specific region. Every posterior registration of a right is based on the initial 
registrations. 
Properties (or rights on properties), which for any reason were not declared 
during the cadastral survey, are recorded in the cadastral database as 
belonging to an “nknown wner”. or thecorrection of the initial registrations 
of “nknown wner” into a known owner, the same procedures –judicial or 
administrative correspondingly depend on the case– with the ones for the 
erroneous registrations stand. Specifically, the interested party should comply 
with the correction procedures that are laid down, after he/she has already 
located their property. 
Each registered property, building, etc., gets a code number of National 
Cadastre [KAEK], a 12 or 16 digit unique number.  
From these digits: 
o The first two digits correspond to the Prefecture of the country, 
o The next two digits to the sector of each Municipality or 
Community, 
o The next two to the sector of each municipality 
o The next two to the building square and, 
o The three next to the number of the building plot. 
If it is a horizontal property [apartment, office or shop] four extra digits are 
added: 
o The next two correspond to the serial number of the building block 
of flats]. 
o The last two digits to the floor and the place of the particular 
horizontal property. 
All the data of the National Cadastre will be registered in computer files. The 
research of recovery of the householder of each piece of property may be 
organized by: 
o The address of each property, or 
o The code number of each property. 
When the HC will be completed it will be also possible to search by the name 
of the property owners in the entire country. 
 
5.4.2. Archeological Cadastre 
 
The Hellenic Archaeological Cadastre is the first organized, on-going and 
systematic digital registry for: 
o The Public Assets (Real Estate) managed by the Hellenic Ministry of 
Culture and Tourism, 
 o The Protection Areas of Cultural Environment including 
Archaeological Sites, Historical Places, Protection Zones, Peripheral 
Protection Zones [buffer zones], etc., 
o The Ancient and Modern Immovable Monuments. 
It is anticipated to become a valuable source of reliable information regarding 
the rich Cultural Heritage of Greece, as it will include detailed data on ownership 
and acquisition status, the historical identity of each Site and Monument, precise 
geospatial data, and more. All information managed by the Archaeological 
Cadastre will be provided under the responsibility and the warranty of the 
Hellenic Ministry of Culture and Tourism through publicly available Electronic 
Services. 
At the moment, the project is at the implementation stage. One of the main 
goals is the development of an Integrated Information System that will be 
populated with: nearly 6.000 entries relating to Public Assets (real estate) i.e. 
urban and suburban land plots, agricultural parcels, buildings and other artifacts, 
that have been acquired by the Ministry of Culture and Tourism. Nearly 18.000 
entries relating to Protection Areas of Cultural Environment and Monuments. 
At the following figures an example depicts the information registered in the 
Archeological Cadastre today. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2: Protection areas in archeological site represented as polygons [http://archaeocadastre.culture.gr] 
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Figure 5.2 represents the protection areas in an archeological site at the 
historical area of Delphi, which behave as restriction zones. With yellow color 
‘one {’ is represented where no building activity is permitted at all; and with
greencolor‘one|’wherelimitedactivitiesarepermitted. 
Figure 5.3: Attributes related to the area presented in Figure 5.2. [http://archaeocadastre.culture.gr]. 
Figure 5.3 shows the form where the attributes of the spatial data are 
stored. In this example, the attributes corresponding to the area shown in 
Figure 5.2are represented. It includes the following information: 
o •thenameofthearcheologicalsite, 
o •theofficialnameofthesitestoredinthearcheologicalcatalogs, 
o •ashortdescription, 
o •anarcheologicaldescription, 
o •thelocationofthesite, 
o •thelegislationframework, 
o •importantlinksorinformationformexternalsourcesand 
o •amap 
 
The strategies adopted by the Archaeological Cadastre will be coordinated 
with the Hellenic National Cadastre. Moreover, the computing infrastructure will 
serve as a central platform, available to the entire Ministry, easily expandable to 
incorporate and connect to future information systems and data sources. Such 
systems may be the Cultural Atlases, the Information System of the National 
Archive of Monuments, various outcomes from topographic surveys, data from 
archaeological findings and excavations and so on. 
The project is currently being developed and managed by the Department of 
Expropriations and Real Property [http://archeocadastre.culture.gr]. 
 
5.5. Infrastructure Projects 
 
NCMA S.A. has implemented a series of supporting actions under the title 
“~ata and .. nfrastructure for a modern }adastre” along the lines of the
“nformation ociety” perational lan, part of the 3rd Community Support 
Framework [CSF]. The supporting programs were co-financed by the EU and y 
the Greek State. 
 The goal of the co-financed projects of the 3
rd
 CSF, which introduced a new 
managerial approach and utilized the latest technological developments, is to 
organize and prepare the continuance and completion of the Hellenic Cadastre 
in a more effective and inexpensive way. 
The 3
rd
 CSF projects comprise the following supporting actions: 
 
~evelopment of a ~igital ~atabase of the “active” titles coming from the and
Registry Offices in urban centers. 
The action involved the development and maintenance of a digital database 
that contained all data included in the ownership declarations submitted in 107 
regionsofthetate.hisdatabaseiscalled“activetitlesdatabase”becauseit
recorded all valid rights on real estate properties standing today in these 
regions. 
The ratification of the collected rights will be performed with cadastral 
survey projects that will not be financed by the 3
rd
 CSF. 
 
Digitization and conversion of existing maps / registers 
Digitization of data from land consolidations and re-distributions for the entire 
State: This action aims at the development of a digital database that will contain 
all cadastral data included in the land consolidations and re-distributions of the 
Ministry of Rural Development and Food. 
 
Hellenic Positioning System - HEPOS 
This system makes use of GPS technologies so that for every measurement 
performed using this system the co-ordinates of a point within Greece are 
determined in minimal time, at a low cost and with high accuracy [2-4 cm in real 
time]. The HEPOS system is being used as the base for the cadastral survey 
already in progress in 107 regions of the country [Figure 5.4]. At the same time, 
it will also serve the needs for the development of the Hellenic Cadastre in the 
future years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4: The 98 HEPOS bases [http://www.hepos.gr]. 
Digitization of the Dodecanese Cadastre 
The cadastral survey data of the Dodecanese Cadastre (Rhodes, Kos and part 
of the Leros Islands) are digitized and automated in such a way so that it is 
compatible with the Hellenic Cadastre database. At the same time, the content of 
the developed database will faithfully represent the respective analog 
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information of the Special Dodecanese Cadastre, without correcting spatially or 
improving the content of its data at any phase. 
 
Development of Unified National Basemaps 
The basemaps required for the new cadastral surveys are developed using 
geometrically ortho-rectified images with high spatial analysis and accuracy. 
Color digital orthophotomaps with a pixel size of a 20cm rate [Figure 5.5] are 
produced for the major urban areas of every prefecture. In addition, digital 
orthophotomaps with a pixel size of approximately 50 cm are produced for the 
entire State. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5: Screenshot of a digital orthophotomap [www.ktimatologio.gr] 
 
Collection of suggestive / indicative data for the facilitation of the cadastral 
survey procedure 
 
Delineation of forests and forest areas for the entire country 
Forests and forests areas are delineated based on aerial photographs from 
1945 / 1960, recent basemaps, recent satellite data and recent aerial photos. The 
estimated are covered by forests and forest areas in Greece is 95.3 stremmas. 
The outcome will be a preliminary product that will facilitate the development of 
forest maps. It is clear that without the boarders of the forests the operation of 
the HC project cannot be completed [Figure 5.6]. 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Development of unified national basemaps appropriate for the delineation of 
coastal zones 
Development of digital orthophotomaps of high accuracy for the delineation 
ofcoastalzones.heproject’sobjectivewastodevelop color orthophotomaps 
of high resolution and accuracy [even objects of a 20cm size are represented] 
as well as a detailed digital elevation model of a certain zone along the 
coastlines, riverbanks and lakeshores nationwide. 
The project aimed at developing the necessary basemaps and delineating the 
Preliminary Costal Zone for the largest part of the country with unified 
specifications and format. This data will be used, at a later stage, by the 
Services and Committees of the Ministry of Economy and Finance for speeding 
up the procedures in order to officially delineate coastal zones, older coastal 
zones, the seaside and riparian zones of lakes and rivers. 
 
Areas protected by NATURA 2000 
An important structural change, concerning protected areas, is brought about 
by the new law on the National Cadastre, 4164/2013. An authority is now 
designated to determine whether a real estate is found inside or outside a 
Natura area. In this way, different information from different agencies and 
sources is interlinked, and the location of each real estate inside or outside a 
Natura area is certified, giving a definite picture for each real estate in the 
country. So, EKXA S.A. undertakes to provide a new service at national level 
through the cadastral offices or the company: the provision of data and 
information about the limits of the Natura areas, certified as to their accuracy. 
The database will be updated as to the boundaries, based on the uniform 
basemaps that the institution possesses. In this way, comprehensive information 
will be provided on each real estate included in the system of the National 
Cadastre.  
Development of IT infrastructure 
 
The actions of this measure aim at improving and updating the IT 
infrastructure o NCMA S.A., so that it becomes the means for the management of 
the company’s projects. he eb services that were developed so far are
addressed to citizens [online submission of ownership declarations with the 
ability to identify the location of the property on a basemap], as well as to 
contractors of cadastral surveys [online application of registering and 
processing ownership declarations]. 
  
Figure 5.6: Delineation of forests and forest areas 
[www.ktimatologio.gr] 
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Figure 5.7: System Architecture 
 
5.6. The Data Model of the HC 
5.6.1. Cadastral model 
 
The Greek Cadastral model has two phases of data modeling, the conceptual 
and logical design of the model. 
 
I. Conceptual model 
 
Error! Reference source not found.2 is the Entity – Relationship diagram of 
the entities used at the HC. It presents the general conceptual model that is 
currently being used by HEMCO SA today, as well as the topological relationships 
that exist among those entities (eg. For all cadastral data are not overlapping 
entities within the same layer). The model is parcel based and every part of land 
at the municipal level is a cadatrsl parcel (including roads, streams, special 
areas, etc.). Additionally, the spatial information is fully connected with legal and 
property information [Kavvadas I., 2012]. In order to check the quality of the 
cadastral parcels the Greek Quality Model for cadastral parcels has been 
introduced, which compiles with international standards (ISO 10005) and is 
mandatory to be implemented from HEMCO..  
 
II. Logical model 
 
After the creation of the conceptual model the next step involves its 
translation into the corresponding logical model and finally into the database. 
The transformation of the logical model into a physical database provides a 
better understanding at the conceptual level. The Hellenic Cadastre Data Model 
is translated from a Platform Independent model, as it was described using UML 
 diagrams, to a Platform Specific Model, using an object-relational database model 
and in particular Oracle database, 
5.6.2. Cadastral Database  
 
The HC's descriptive and spatial information is organized in a property-
centered base, thus search can be done either by the property's National 
Cadastre Code Number (KAEK) which is unique to each property, the address or 
the beneficiary name. The DBMS that is used from HC is Oracle 
 
5.6.3. Digital descriptive database overview 
 
The digital descriptive database includes the cadastral information that is 
collected and technically processed according to the specifications for the 
development of the HC. 
The descriptive database of the HC describes the following: 
o Properties, 
o Beneficiaries or other parties that have any kind of right on a 
property, 
o Rights and the corresponding documents, 
o Information necessary for the cadastral survey, 
o Multiple standard comments. 
 
The following figure shows a screenshot of the table BEN and some of its 
relationships with other classes. The complete diagram of the descriptive 
database is presented in the Annex A. 
The spatial data are stored in the database. For visualization purposes ArcGIS 
server of ESRI, Openlayers API or WMS [Web Map Service], as well as Javascript 
browsers are used. The descriptive information is maintained in the database 
Οracle10gandis visualized with Microsoft.net [Tsiliakou and Dimopoulou, 2011]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram: 5.1: Table BEN and its relationships Technical specifications of HC, Annex A, 2014].  
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The descriptive base comprises the following classes depicted in Table 5.2: 
 
 Table Description 
 Properties  
1.  PROP Info about all kinds of 
properties, also SRPO. 
2.  ADRS Addresses of the 
properties 
3.  PROP_ADRS Link table for 
properties and 
addresses 
4.  BLD Info about buildings 
5.  PROP_BLD Link table for 
properties and 
buildings. 
6.  VERTREL Height info for SRPO, 
using‘above’,‘below’or
‘inside’. 
7.  FOREST  
 Stakeholders/Parties/ 
Owners 
 
8.  BEN Physical and non-
physical parties and all 
the stakeholders 
 Rights and Documents  
9.  RIGHT All the info about the 
right and also the 
property it refers to 
10.  DOC Documents such as 
deeds and titles 
11.  DOC_BEN_RIGHT Link table for the 
stakeholder and the 
right, based om the 
corrsponding 
document 
12.  DOC_ISSUER Info about those who 
publish the documents; 
ministries, notaries, etc  
 Multiple standard comments  
13.  BLD_STANDARD_COMMENTS  
14.  PROP_STANDARD_COMMENTS  
15.  BEN_STANDARD_COMMENTS  
16.  RIGHT_STANDARD_COMMENTS  
17.  DOC_STANDARD_COMMENTS  
   
18.  BEN_PARENT  
19.  PROP_PARENT  
20.  DOC_PARENT  
21.  RIGHT_PARENT  
22.  RIGHT_ ORIGIN  
23.  DECL_AREAS  
 
Table 5.2:Contents of the descriptive base of the HC [Technical specifications of HC, Annex A, 2014] 
  
 5.6.4. Digital spatial database overview 
 
The result of the spatial data processing, which is in accordance with the 
technical specifications issued by the National Cadastre and Mapping Agency 
S.A., is included in the cadastral diagrams. For urban areas the cadastral 
diagrams are in 1:1000 scale, where for rural areas 1:5000. 
Every piece of land at the municipal level [including roads, streams, special 
areas etc.] is considered as cadastral parcel and spatial information is fully 
associated with legal and property information. 
No matter the scale, all the cadastral diagrams should include the following 
elements: 
o KAEK, 
o Building ID, 
o Names of streets, squares, parks, open places, archeological sites, 
public buildings and churches, 
o Names of the rivers/ lakes/ sea, 
o Toponyms, names of prefectures/ regions/ cities/ 
municipalities/villages, 
o Boundaries of the country, 
o Boundaries of the region, 
o Boundaries of the municipality/village, 
o Boundaries of the cadastral sector and cadastral sections, 
o Boundaries of the forest areas, 
o Boundaries of the special property rights objects represented as 
polygons, 
o Special property rights objects represented as points, 
o Boundaries of the mines, 
o Boundaries of the reserved areas, 
o Boundaries of the exclusive use areas and 
o Boundaries of the cadastral parcels. 
 
Table 5.3 presents the different levels of spatial data of the HC. Diagram: 5.1 
is the entity-relationship diagram of the spatial information of the HC. 
Table 5.4 is an example of the coding used by NCMA S.A. for describing the 
spatial data related to the cadastral parcels in the HC. 
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 Table Description 
1.  PST Data for parcels 
2.  ASTOTA Data for municipality 
boundaries 
3.  ASTTOM Data for cadastral 
sectors 
4.  ASTENOT Data for cadastral 
sections 
5.  MRT Data for mining 
polygons 
6.  VST Vertical ownershipes – 
independent buildings 
7.  EAS Data for easement 
zone 
8.  BLOCK_PNT Data for measurements 
of points on the terrain 
9.  BLD Data for buildings 
10.  ASTIK Data for polygon of 
urban area 
11.  EIA Data for SPRO 
12.  EIA_PNT Data for points of SPRO 
13.  ROADS Data for roads 
14.  OIK Data for residential 
areas before 1923. 
15.  CBOUND Boundary of city plans 
16.  FBOUND Boundary of forest 
areas 
17.  RBOUND Boundary of 
responsibilities of 
mortgage offices 
18.  NOMI Land tenure 
19.  POI Points of interest 
20.  POL Parcel identification 
marks 
 
Table 5.3: The classes of the spatial model of the database of the HC [Technical specifications of HC, Annex A, 
2014]. 
 Diagram 5.2: Entity-relationship model of the HC's spatial data [Technical specifications of HC, Annex A, 201
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Obect Type Information PROP_TYPE Type of the 
ΚΑΕΚ 
Notes 
Parcel Polygon Parcel 
polygon 
 
0101 nnoootteeaaa nn: Prefecture,  
ηηη: local 
authorities 
[OTA],  
tt: Sector, 
ee: Section 
aaa: serial 
number inside 
the section 
Mine Polygon Mine 
polygon 
0601 nnoooΜΕxxxxx nn: Prefecture,  
ηηη: local 
authorities 
[OTA],  
ΜΕ: capital 
greek letters 
xxxxx: serial 
number inside 
the local 
authority 
Road Polygon Polygon 0701 nnoooEKxxxxx nn: Prefecture,  
ηηη: local 
authorities 
[OTA],   
ΕΚ: capital 
greek letters 
xxxxx: serial 
number inside 
the local 
authority 
River Polygon 0702 
Coastal 
zone 
Polygon 0703 
Beach Polygon 0704 
Lake Polygon 0705 
Seashore Polygon 0707 
 
Table 5.4: Codes of cadastral parcels [Technical specifications of HC, Annex A, 2014] 
The next figure is a screenshot of a spatial query in the database of the HC, 
querying the database with the KAEK of a property. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.8: Results from spatial query using KAEK  
 5.7. Why registering the 3rd dimension? 
 
It is evident that the implementation of a three-dimension cadastral model in 
Greece has become a necessity. Multiple initiatives towards this direction have 
been conducted the last decades reflecting the need to register the third 
dimension especially in urban built-up areas. Tsiliakou and Dimopoulou, 2011] 
mention the features that the Hellenic Cadastre is currently responsible for 
registering, as well as they underline the need for registering the third 
dimension.  
o Land-parcels; 
o Condominium; 
o Vertical ownership; 
o Composite vertical property; 
o Special real property objects [SRPO]; 
o Mines. 
These objects can only be portrayed by making use of the third dimension, 
which enables the location on, below or over the earth’s surface as it is also 
performed in other countries. The same authors, also based on literature study, 
consider necessary the registration of the 3
rd
 dimension of the following 
aspects: 
o the intense relief of the land, resulting in complex constructions 
[constructions under or over bridges], multi-level buildings [overlapping 
private and public properties] and the entanglement of property areas 
for different properties [underground constructions with a surface 
entrance or properties with access from neighboring ones] 
[Papaefthymiou et al, 2004];  
o multilevel constructions and mixed land uses especially in urban dense-
built environment;  
o the great historical value of the Greek land, on which unfortunately, 
many modern settlements are built on the ruins of ancient cities;  
o the registration of Special Real Property Objects;  
o the registration of customary property rights;  
o the contradictions in Greek legislation concerning three-dimensional 
objects, such as condominiums;  
o urban planning purposes. A 3D cadastral model would be sufficient in 
displaying the precise legal situation within the buildings and in 
detecting infringements of General Building Code (GBC);  
o fiscal and real estate considerations, since the land value is high, 
especially in urban and commercial areas  
 
The SRPOs are the only elements with their third dimension including at the 
existing cadastral model in Greece. HC does not register the evolving property 
reality of urban areas, characterized by an increased building density and a 
complicated use of space in different levels. 
It is therefore necessary for the existing 2D cadastral model to provide a 
solution for registering and representing multilayer property activities in order 
to better reflect the property rights on land in Greece. The most characteristic 
cases that require 3D registration and representation within the Greek territory 
are the following: 
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5.7.1. Overlapping private and public properties 
 
Due to the urbanization as well as to the traditional architecture, mostly the 
phenomenon with mixed land uses on overlapping properties is very common, in 
the Greek islands and in the cities. Public properties [e.g. infrastructures, open 
spaces, etc.] are sometimes entirely or partially built over, below or on with 
privately owned land parcels and buildings and vice versa, as depicted in the 
following figures: 
 
I. Public properties below private properties 
 
The most characteristic cases of public properties lying under private land 
parcels with or without constructions on them are the roads, see Figure 5.9. 
Additionally, in many islands privately owned constructions of upper floor, called 
anogia, are located over communal roads, see Figure 5.10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.9: Football stadium situated over a public road [Dimopolou et al., 2006]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.10: Anogia extended over a public road [Dimopolou et al., 2006].  
 II. Public properties over private areas 
 
In urban areas with constantly increasing car density, privately owned 
parking places are usually located under squares or public buildings, in order to 
handle this problem [figure 5.11]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.11: Overlapping parking area with public space and buildings [Dimopolou et al., 2006]. 
On the other hand, in rural areas the most typical cases of overlapping 
properties is usually mines, tunnels or cables lying below private properties, 
see Figure 5.12 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.12: Overlapping public with private properties [Dimopolou et al., 2006]. 
 
I. Infrastructure below privately owned land 
 
Subterranean networks such as gas pipelines, or telecommunication lines, 
mainly supplying industrial areas usually extend under the built environment.  
For these utility networks, a separate registration should be considered, in 
relation to the surface land parcels and constructions. This 3D registration 
facilitates their proper and safe maintenance. An example of this case is 
illustrated in Figure 5.13. 
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Figure 5.13: Gas pipeline network under land parcels Dimopolou et al., 2006]. 
5.7.2. Overlapping private properties 
 
It is very common in several Greek Islands (e.g. in Santorini, with steep slope, 
where most houses are dug in the volcanic soil), that land parcels and buildings, 
are partially or totally overlapping to each other.  
A typical example of the situations presented at the previous schemas is 
depicted on the following figure; where it is clear the overlapping real properties 
in Santorini Island. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.14: Overlapping real properties in Santorini. [Dimopolou et al., 2006] 
  
 5.7.3. Multilevel buildings 
 
In many complex complex constructions such as multi-use buildings,, 
apartments has diverse heights, different from the “standard” due to special 
constructions, such as lofts and top roofs. This results in unequal shares of 
privately owned space, as illustrated in the following schema. For example, the 
apartment on the third and fourth floor is registered as E1+E2 and double height 
above space, not registered, see Figure 5.15. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.15: Multistory buildings [Dimopolou et al., 2006]. 
5.7.4. Difference between legal and physical reality 
 
There are many cases where the physical reality represented in a map does 
not match with the legal as described in the deed or another administrative 
source.orinstance,inmanydepartmentstores,thefloorplan’ssurfaceareais
different from the one legally realized, according to the building permit. This is 
mostly common on ground floor stores, as illustrated in the following schema, 
with mezzanine [E2 in area] not requiring a cadastral registration. Dimopoluou et 
al., [2006] describe the situation with an example presented below. In Greece, 
ground floor department stores, constructed before 1985, with mezzanine area 
E2= ½*E1, the total area to be registered is E1, although the one realized is E1, 
although the one realized is E1+E2. After 1985, the new regulations oblige a 
cadastral registration for the total area E1+E2 realized, when γ=0 ÷1/2 and 
E1<E1+E2, where E2=γ*E1. 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 5.16: Differences in surface registered and realized [Dimopolou et al., 2006] 
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5.7.5. The existing cadastral situation in Greece 
 
From all the above-mentioned, it can be concluded that the implementation of 
a 3D cadastral model in Greece requires the resolution of many fundamental 
issues underlying the current operating cadastral system. In general, the 
Cadastre still abstains from the implementation of digital services which will 
definitely boost its optimal operation.  
Tsiliakou & Dimopoulou, 2011 mentioned the following fundamental principles of 
the current cadastral situation in Greece, underlying the existing limitations: 
 For the SRPOs: SRPOs is a special class related to a plethora of objects, 
which are characterized by multiple and complex topological relations 
They the only feature with a 3D tag in the existing cadastral model. 
However, according to the HC project, they are manipulated not as spatial 
information but as descriptive. This is done with the following approach. 
During the cadastral survey, the surveyors are forced to attach a 
relational matrix to the deliverables of the survey, which would include 
the description of these objects in a structured descriptive manner using 
wordsas“below”or“above”.{ccordingtothetechnicalspecificationsof
the HC the information that should be registered for the SRPOs are: 
o The KAEK, 
o The FID; an identifier for each SRPO, 
o The PROP_TYPE, the type of the property [the values that can be 
registered are given in a separate table], 
o The address of the parcel in front of the SRPO and 
o The shape-geometry of the SRPO. 
 For the buildings: The spatial database contains information regarding 
buildings, however there informaton for the outlines and/or the footprints 
of them are not currently represented. However, the existing spatial data 
model includes an entity for the buildings, allowing their future 
registration.  
 Aspects that should be represented in 3D: Buildings’floorsinthecaseof
horizontal ownership are only registered as an attribute today, which is 
not the optimal way to be described. Additionally, the source documents 
do not contain floor plans of the apartments. Consequently, there is no 
further height information registered in the system apart from the 
buildings’code,thefloorandtheproperty’s{. 
 Maintenance and update of spatial data: The current ownership status is 
not efficiently registered in the cadastral system, while the link between 
the descriptive and the spatial data is limited to the KAEK. 
 Cooperation between the institutions responsible for the geo-information: 
This is one of the fundamental problems of the existing system. Currently, 
the communication and the exchange of information between all the 
responsible organizations that collect, produce, store, maintain and 
visualize geo-information is not open. A lot of bureaucratic procedures is 
needed in order to exchange spatial and no-spatial information between 
those organizations. This leads to problems with the update of the 
database, loss of information, inaccuracies and time wasting.  
According to the same authors, the main drawback of the current Hellenic 
data model is that it mostly manipulates the legal information on properties, 
excluding the representation of the spatial aspect of RRRs as the information 
needed does not exist.  
  
 5.8. Conclusions 
 
The Hellenic Cadastre [HC] is a unified and constantly updated system of 
information that records the legal, technical and other additional details about 
real estate properties and the rights on them. Although the project started its 
operation in 1995 and is in progress for 20 years, the results in some regions 
are quite disappointing concerning progress and efficiency. 
The need for 3D registrations and representation in Greece is vital 
concerning special cases like the multilevel constructions, the overlapping 
properties and the SPROs. A successful 3D Cadastre for Greece will constitute a 
unique tool, a level for sustainable development in urban and land planning and 
in every aspect of technical, financial, social and legal issues of everyday life. It 
can also be used as a means for political decisions and pressure, which is 
nowadays a key challenge for the Greek reality. 
The characteristic cases, which require 3D registration are presented in this 
chapter and is concluded that the hybrid model seems to be the best solution 
for the Greek case. 
The key issue and main drawback concerning the development of the Greek 
Cadastre is basically legal. It is quite obvious that Greek legislation contains 
contradictory laws on property rights, which is rather confusing. Therefore 
there is a need to perform relevant adjustments in order to overcome this 
situation. 
The limitations and problems of the existing situation do not regard the 
producers and users of the cadastral system nor from the expertise they have 
developed. The problem is focused on the insufficiency and inactivity of the 
existing structures of the public administration to adapt to new global 
tendencies and, of course, their reluctance in supporting the scientific 
personnel of HC in order to enhance numerous aspects of the Greek reality. 
These problems are further discussed in Tsiliakou and Dimopoulou, 2011. 
However, Greece has made a first step forward when the Ktimatologio S.A. 
and HEMCO were merged into one unique organization, the NCMA S.A., like the 
Kadaster in the Netherlands, the Cadastral Office in Belgium, etc. Those 
organizations are responsible for both the collection of the geographical 
information and the registration of the legal rights attached on them. 
Additionally, during the cadastral surveys a special adjudication procedure is 
been followed and parallel infrastructure projects are carried in order to 
facilitate the progress of the project. 
To sum up, the third dimension needs to be incorporated into [some] 
cadastral registrations; however, several modifications to the actual property 
rights’ registration procedure are required. Therefore, it is vital to consider 
fundamental issues of the operating HC, such as the fact that the outlines of 
any construction are not represented on the cadastral map. 
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Despite its small surface area, Greece is endowed with a particular rich and 
diversified natural environment; with singular geomorphology and intense 
contrasts [http://www.visitgreece.gr/en/nature]. It is a country with mountainous 
and rocky terrain and about 20% of the country is made up of islands. All those 
diversities conclude to a complex scenery, with big differences in altitude; 
which should be registered and managed into a coherent and unified system. 
Moreover, the rights, restrictions and responsibilities attached to that scenery, 
the activities developed, the responsible parties, as well as the difficulty to 
represent the outline of it need to be described explicitly. Consequently, there 
is a need for creating a model, emphasizing on the third dimension where all the 
different characteristics will be described. 
This chapter is dealt with the development of a conceptual model in UML that 
deals with the registration and management of objects and spaces related to 3D 
cadastre system. The model is created based on the implementation of ISO 19152, 
LADM classes by conforming to the existing situation. 
In particular, this chapter proposes a comprehensive Land Administration 
Domain Model [ISO 19152] country profile for 2D and 3D cadastral registration 
system for Greece. The proposed Greek country profile is partly based on the 
existing spatial [including survey] and administrative registration systems, and 
partly based on new developments inspired by the LADM standard. Within the 
country profile, an attempt is made to cover all Greek land administration related 
information, which are maintained by different organizations. 
The proposed model has a broader perspective than the current data model 
used by National Cadastre and Mapping Agency S.A. What makes the 
development of this Greek country profile unique is the support for a wide 
range of parties as well as spatial units. Each of them has different roles and 
requirements. The country profile includes the content of the various code lists, 
which are important aspect of standardization and unique for each country. 
Code lists are used to describe a more open and flexible enumeration values 
and are useful for expressing a long and potentially extensible, list of potential 
values. 
Several novel aspects for Greek land administration are introduced, such as: 
3D representations, full version management, explicit linking of all land 
administration information and source documents in digital form and possibility 
to group multiple spatial units with the same characteristics, legal framework 
and visualization demands, using the LA_Level concept. 
The country profile helps to establish a national SDI enabling meaningful 
exchange of information between different organizations distributed along the 
Greek territory. The fact that LADM is an international standard and also supports 
international exchange of information, as part of the Global SDI [from now, GSDI]. 
  
 6.1. Towards a multipurpose 3D Cadastre 
 
In recent years, a 2D cadastre registration system is being developed in 
Greece. The need for 3D in many cases; see 5.7; in served by adding the third 
dimension only as textual information, or by setting topological rules. In this 
chapter a 3D model is propose for Greece; covering a broader perspective than 
the National Cadastre and Mapping Agency S.A.. 
The current cadastral system, still do not support three-dimensional 
capability. Therefore, a good organization is very important in order to achieve 
an excellent and reliable cadastre registration system. 
However, due to historical constraints, it seems quite difficult to realize this 
unless there is full cooperation from various legal bodies, technical 
organizations and other land-related government agencies and private sector 
participants in Greece. A multipurpose 3D cadastre [from now, MPC] can be 
defined as an integrated land information system containing legal [e.g. tenure 
and ownership], planning [e.g. land use zoning], revenue [e.g. land value, 
assessment and premium] and physical [e.g. cadastre] information. 
Therefore, the Greek multipurpose 3D cadastre should contain all information 
about administrative records, tenure, value and sale and purchases records, 
base maps, cadastral and survey boundaries, categories of land use, streets 
addresses, census utilities etc. It has the potential to support spatial enabled 
government, private sectors and society by expanding the process of 
organization, management and visualization, of useful land information. In brief, 
there are many advantages for implementing a multipurpose 3D cadastre. It is 
especially useful for property inventory, project implementation and monitoring, 
utility management, population estimates, school management, census mapping 
and urban and rural development [Choon & Seng, 2013]. 
A well- structured multipurpose cadastre will be of benefit to the 
government, different level of administrative division [municipality, region, etc.], 
private companies, public agencies, academia and the citizens themselves. It will 
serve as the main source, which will contain all available spatial and semantic 
information concerning land and marine parcels. Visualization of these parcels in 
3D will further enhance the nature of the multipurpose cadastre and introduce 
the concept of 3D modeling. 
As an integrated land information system it can exhibit data on RRRs and all 
encumbrances associated with the parcel. This will promote transparency and 
wealth creation in the land market [Rahman A., et al., 2012]. Knowing who owns, 
what and the corresponding associations with other RRRs will strengthen 
property ownership, project implementation and monitoring. 
One significant problem in Greece today is that there are differences 
between the physical and the legal reality of the parcels. The parcel with its 
boundaries and the RRRs associated to it as described in the deed, is not 
exactly the same with the “real” parcel and the s attached to it. It is clear 
that only by introducing an international standard into the Greek land 
administration system cannot solve this problem. However, it is an important first 
step to best organize all the information. 
Gathering all the information related to the land and marine parcels, 
properties with archeological interest, network utilities, mines, Special Property 
Right Objects and the planning zones would create a unified and multipurpose 
LIS for Greece. It is difficult to have such spatial and semantic information with 
their interrelations together as there are many factors that affect them; but this 
will lead to a transparent and coherent LIS. 
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As a result, a 3D multipurpose cadastre for Greece should have the following 
components:  
 Land parcels [2D & 3D parcels]; 
 Properties with archeological interest [immovable monument, 
archeological site, area of cultural environment, etc.]; 
 Mines; 
 Utility networks [water, telecommunications, etc.]; 
 Special property right objects [anogia, katogia, etc.]; 
 Marine parcels; 
From the issues as listed above [bullets] not all need 3D registration and 
visualization. Each category will be further explained at the 6.4.3. 
Monitoring of the existing situation as well as planning for further 
development will benefit from such a system. Moreover, the tax system can be 
more efficient and all the transactions more transparent. A multipurpose 
cadastre including all the above-mentioned information can serve as a basis for 
all the organizations in Greece solving the problem of duplicates and errors. 
Figure 6.1 illustrates the general view and the components of the proposed 
MPC in Malaysia; where there are many different kinds of spatial units. 
 
Figure 6.1: The anticipated schematic diagrammatic diagram of MPC [Rahman A., et al., 2011]. 
  
 6.2. Motivations to apply ISO 19152 
 
The dynamic features of spatial information, together with the continuous 
need for its representation through geographic information technologies are the 
two basic reasons for the adoption of international standards in the core 
structure of modern cadastral systems [Dimopoulou and Gogolou, 2013]. 
Additionally, domain specific standardization is needed to capture the semantics 
of land administration domain on top of the agreed foundation of basic 
standards for geometry, temporal aspects, metadata, as well as measurements 
from the field.  
As the Hellenic Cadastre is still being implemented, the use of standards for 
land administration and management could serve its harmonization with the 
international practices. Moreover, a standard is required to facilitate the 
communication between professionals in order to develop, implement and 
maintain systems in a more efficient way. 
The international state of the art shows that innovative models have been 
created in order to achieve effectiveness and interoperability between different 
systems. Sufficiency of administrative and spatial representation of land 
properties could also be achieved if common standards are used. 
The core model provided by the Land Administration Domain Model [LADM]; see 
sub-chapter 1.4.5.; is an excellent basis for this purpose. The LADM, as an ISO 
standard seems suitable for the detailed administrative and spatial 
representation exported by the properties that include various spatial unit 
types and party members. This is due to the fact that the core model provided 
includes a wide range of classes and possibilities of linking with external 
information concerning the ownership status of the above properties. In this 
way, a modern geospatial infrastructure could be created for the best 
management of the geographical information in Greece, combining not just 
classic GIS platforms, but also descriptive administrative information for the 
various RRRs attached on the parcels in a standardized structure as well. 
}/}211, 2012; emmen et al., 2010 state: “The LADM is a conceptual model, 
and not a data product specification…he purpose of {~ is not to replace
existing systems, but rather to provide a formal language to describe them, so 
that the similarities and differences can be better understood. It is a descriptive 
standard not a prescriptive standard. Land administration is a large field; the 
focus of this International Standard is on that part of land administration this is 
interested in RRRs affecting land or water and the geometrical components. The 
{~providesareferencemodel…” 
According to Tjia and Coetzee [2012b], earlier studies upon which the LADM is 
based include the Cadastre 2014. The Cadastre 2014 provided that the modern 
cadastral systems need to move away from the traditional concept of cadastre 
to a more integrated cadastral modeling and legal land objects. Also, Lemmen et 
al. [2011] note that the implementation of LADM can be performed in a flexible 
way. In other word, the standard can be extended and adapted to local 
situations, which excluded the legal implications that interfere with national land 
administration laws. 
Furthermore, external links to other databases, e.g. addresses, are included. 
LADM can be used for as a basis for the design of Land Administration Systems. 
It facilitates appropriate system development and, in addition, it forms the basis 
for communication between different systems in different organizations and the 
application design can be based on GIS and database technology. When using 
standards, information can be exchanged in heterogeneous (commercial and 
open source) and distributed environments. 
The model has been introduced for land registration purposes. The 
development of it is designed as a base for various land registration practice in 
different countries. Two important goals of this model as listed in [van Oosterom 
et. al 2006]: 
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 To avoid reinventing and re-implementing the same functionality over and 
over again, but provide an extensible basis for efficient and effective 
cadastral system development based on a model driven architecture 
[MDA], and 
 To enable involved parties, both within one country and between 
different countries, to communicate based on the shared ontology 
implied by the model. 
Theterm“3~cadastre”canbeinterpretedinmanywaysrangingfromafull
3D cadastre supporting volume parcels, to traditional cadastres in which limited 
information is maintained on 3D situations. Integrated 2D and 3D parcels in 
hybrid cadastre, as proposed by Stoter [2004], can be used for the 
implementation of 3D cadastre in Greece, based on LADM. The concept of hybrid 
cadastre is to preserve the current 2D registration and add the 3D component 
in the registration system. 
The classical cadastres concepts as “parcel” and “boundary” have been
extended to include spatial representation of multidimensional objects: 3D and 
2D/3D combined and are embedded in the LADM base model. An integrated 3D 
cadastre model looks on how to add 3D component in the current cadastre data 
model and make information interoperable between the two involved 
organizations. 3D cadastre objects, e.g. apartment buildings are real property 
that being built on the 2D land parcel.  Text based, sketch based, point based, 
line-based, polygon based, or topological based representations of spatial units 
[parcels] are possible. Spatial units may have a 3D representation, and a 
provision is made for a mixture of 2D and 3D spatial units to co-exist [ISO 19152, 
2012]. 
LADM also covers land registration and cadastre in a broad sense [Lemmen 
and van Oosterom, 2011]. This is aimed at improving interoperability between 
cadastral or related information systems, thus improving exchange of land 
information between local, national and international organizations and 
information society [Tjia and Coetzee, 2012a]. 
Recent works suggest that the utilization of LADM for cadastral domain is 
significant as mentioned by several researchers: Lemmen [2012], Van Oosterom 
et al [2011], Pouliot [2011] and Hespanha [2012]. Zulkifli et al, 2014, state many 
different reasons to specifically adopt the ISO 19152 LADM. It: 
 contains the collective experience of experts from many countries [in ISO 
and FIG];  
 took long time to develop in the FIG/ISO project team, but LADM is based 
on consensus and now adopted by ISO [and CEN];  
 allows meaningful data exchange: within country, SDI-setting, and 
between countries;  
 covers complete land administration spectrum: survey, cadastral maps, 
rights, restrictions, responsibilities, mortgages, persons [individuals of 
groups], etc.;  
 allows integrated 2D and 3D representation of spatial units;  
 supports both formal and informal RRRs; and  
 link essential land information data to source documents, both spatial 
[survey] and legal [title, deed].  
  
 Realistically, LADM provides a flexible abstract model, which can be used as 
basis for many cadastral systems all over the world. However, every system 
does need smaller or larger upgrades and maintenances; and they consider 
becoming LADM compliant. More and more papers and presentations each year 
mention many good reasons to consider LADM; e.g. Kalantari et al., 2013. 
Application of LADM brings the following benefits:  
 international compliance; 
 cross jurisdictional data exchange; 
 upgrading or new versions for existing systems; 
 existing institutions [‘dofitinwell’]; 
 semantic compliance [definition of key concepts]; 
 structural compliance [agreed model patterns]; 
 feedback and improvements [during standard development, but also 
needed afterwards]; and 
 capacity building [LADM included in various curriculums].  
 
Thompson [2013] concluded that the LADM also provides an excellent growth 
path: from text, sketch and point parcels to full topology and 3D support [and 
same range of options available in administrative side of the model. This is also 
the reason for UN-HABITAT (STDM) and FAO to use the standard. 
For all those reasons many countries have already introduced and 
implemented LADM; e.g. The Netherlands [Stoter et al., The phased 3D Cadastre 
implementation in the Netherlands, 2012; ISO 19152, 2012], Malaysia [Zulkifli et al, 
Towards Malaysian LADM country profile for 2D and 3D Cadastral registration 
system, 2014; Zulkifli A., et al, Developing 2D and 3D cadastral registration 
systems based on LADM: Ilustrated with Malaysian Cases, 2013], Israel [Felus Y. et 
al, Steps towards 3D Cadastre and ISO 19152 [LADM] in Israel, 2014], Indonesia 
[Budisusanto Y., ET AL, LADM implementation prototype fir 3D Cadastre Information 
System of Multi-Level apartment in Indonesia, 2013], Cyprus [Elia E. et al, The land 
administration domain model [LADM] as the reference model for the Cyprus land 
information system [CLIS], 2011], Queensland, Australia [ISO 19152, 2012], Shenzen; 
China [Guo R. et al, A multi-jurisdiction case study of 3D Cadastre in Shenzen, 
China as experiment using LADM., 2011], etc. For further analysis of the countries 
profiles see 4. 
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6.3. Matching of LADM and Hellenic Cadastre Data Model 
 
The Hellenic Cadastre is a unified and constantly updated system of 
information, which records the legal, technical and other additional details about 
real estate properties and the rights on them; this information is kept under the 
responsibility and guarantee of the State and in particular, of the National 
Cadastre and Mapping Agency S.A.. 
The HC's descriptive and spatial information is organized in a property-
centered base. The Hellenic Cadastre Data Model is not based on international 
standards but has been developed in order to serve the needs of the Greek 
society. As a result, it cannot be used as basis for building a National SDI in 
Greece in order to enable interoperability and data exchange between the 
different organizations and institutions but also between different countries. 
For that reason, the proposed model based on the international LADM 
standard is considered as a step tackling the previous shortcomings. The 
flexibility between the two cadastral systems could be achieved by expressing 
their core model with terms of LADM. The process of standardization could 
create connectivity and interoperable possibilities for the best management in 
Greece. Furthermore, according to Gogolou, [2013]; Kalogianni [2012] the 
integration of a unique system that would include all registrations concerning 
properties could be completed with the following of international practices and 
the adaptation of recognized standards. 
 
Diagram 6.1: Matching of the HC Data Model and LADM classes [Gogolou, 2013]  
  
 In HC the ownership of a property could be spatially represented with the 
entity of Parcel (LA_SpatialUnit) that belongs to public or private owners 
(LA_Party). 
The rights, restrictions and responsibilities existing (LA_RRR) are related to the 
use of land together with the protection of the areas and the detailed 
administrative information for them is included (LA_BAUnit). 
The structure of the HC is shown in a general view for the needs of the 
matching. The entities represent all the beneficiaries (LA_Party) that own 
properties in the Greek territory together with their spatial representation 
(LA_SpatialUnit) and the rights or weights exercised on them (LA_RRR) with the 
registration of their administrative information (LA_BAUnit). 
Beneficiaries of the HC correspond to LA_Party; Rights of the HC to LA_RRR; 
Propertied of the HC to LA_BAUnit and Cadastral Parcel to LA_SpatialUnit.  
Diagram 6.1 describes the matching of the corresponding entities between 
LADM and the existing HC data model. 
 
6.3.1. Existing work based in LADM in Greece 
 
The last three years LADM has been used as basis for the creation of 
conceptual models in Greece in a research level. Kalogianni, 2012 introduced the 
model to the Hellenic reality creating a model for the management of the Greek 
public property. Gogolou 2013 created a conceptual model for the archeological 
cadastre in Greece and Athanasio, 2014 proposed a conceptual model for the 
marine cadastre. Therefore, Psomadaki, 2014 proposed a model for the 
Harmonization of the Hellenic Cadastre with international standards including 
LADM and INSPIRE. 
However, none of those models attempted to cover a scope broader than 
the scope of HC on the domain of land administration. The proposed model 
combines the previous knowledge and based on the previous proposed models 
it attempts to create a model for a multipurpose cadastre in Greece. 
For that reason, the concept of levels was used. According to ISO 19152, 2012, 
a level is defined as a set of spatial units with a geometric and/or topological 
and/or thematic coherence. By implementing this concept in Greece, different 
groups of spatial units have been created with regards to its thematic and 
sometime geometric characteristics in order to best organize them. This will be 
further analyzed in 6.4.3. 
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6.4. Conceptual model 
 
As mentioned in 3.3.4 all the classes of LADM, apart from the abstract class, 
LA_Source and the two subclasses: LA_AdministrativeSource and 
LA_SpatialSource; are subclasses of the class VersionedObject. As source 
documents cannot change, only new source document can be inserted in the 
system, they are not versioned. 
In ISO 19152, 2012 is mentioned that LADM via the class VersionedObject covers 
the state based modeling. This means that the states [results] are modeled 
explicitly: every object is assigned at least two dates or times which indicate 
the time interval during which the object is recorded in the system as actual 
version. Through the comparison of two successive states it is possible to 
reconstruct what happened as a result of one specific event.  
The temporal aspect is inherited from class VersionedObject with its 
attributes beginLifespanVersion and endLifespanVersion. The class LA_RRR has 
an additional temporal attribute called timeSpec, which is capable of handling 
other temporal representations, such as a recurring pattern [every month; every 
year; etc.] 
At the rest of this sub-chapter the packages of the proposed model are 
analyzed together with the external classes and their code list. Emphasis is 
given at the different levels that have been created for the best management of 
the properties in Greece. “_” is the prefix for the reek country profile
proposed, covering both the spatial and the administrative data modeling. 
Note that there are several abstract classes in the proposed model indicated 
in Italics. These classes are only introduced to support the conceptual model, 
representing shared attributes and structures, and they get no instances. This 
means that they don’t get any corresponding table in the database
implementation. Based on spatial and non-spatial data modeling, several classes 
have code lists. 
All the UML models are created in EA (Enterprise Architecture) software, which 
can be used to set up and create databases.  
Diagram 6.2 illustrates an overview of the non-spatial part of the proposed 
model and its external classes in UML diagrams. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 6.2: Non-spatial modeling overview.  
 6.4.1. Party Package 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagram 6.3: Content of GR_PartyPackage and associations with other basic classes. 
 
 
II. GR_Party class 
 
The class GR_Party is the main class of the Party Package. As party is 
considered as a person or organization that plays a role in a transaction 
[Lemmen, 2012]. LA_Party is also associated to LA_BAUnit, to cater for the fact 
that a basic administrative unit can be a part [e.g. a basic administrative unit 
holding an easement on another basic administrative unit]. 
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◊ Code list GR_PartyType 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
◊ Code list GR_PartyRoleType 
 
The different roles if a party are described by the NCMA S.A., the 
Archeological Cadastre and other organizations involved in the transactions. For 
instance, there are different levels of courts; legislative authority [President of 
the Hellenic Republic; Greek Parliament; the former King of Greece]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
III. GR_GroupParty class 
 
A group party is any member of parties, forming together a distinct entity; 
e.g. a village community. A party member is a party registered and identified as 
a constituent of a group party [Lemmen, 2012]. For the proposed model a group 
party can be a group of administrative units or a Consortium. 
  
◊ Code list GR_GroupPartyType 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IV. Party Package External Classes 
 
External classes have been created for Parties. This is in support of 
implementations on information infrastructures. The idea is to use only authentic 
data in such information infrastructures. The external classes indicate what data 
contents LADM is expecting from external sources. 
Four external classes have been created for Parties; for natural persons, 
non-natural persons, the level of administrative division and the addresses as 
shown at the next figure. The first two external classes can be a link to a 
population register, or to a chamber of commerce with a company register or to 
external databases with certified parties with a role in land transaction [Lemmen, 
2012]. Class External Address is a class for external registration of addresses. 
As proposed in ISO 19152, 2012, the INSPIRE address specification may also be 
used [INSPIRE, 2010] or an ISO standard [e.g. ISO 19160]; which includes addressing 
terminology, conceptual models, quality management and rendering addresses 
on postal items, maps, etc.]. Last but not least, the class External level of 
administrative division is introduced because the different types of spatial units 
that have been introduced at the spatial package are linked with a number of 
different stakeholders and parties. For that reason, it is considered that the 
separation of different administrative levels according to Kallikratis plan in 
Greece will facilitate the organization and separation of the party package. The 
identifier of a party in an external registration [extPID] is an attribute of GR_Party 
class. 
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 External Natural Person 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AFM is the unique code for each citizen in Greece related to his/her tax 
obligations. Apart form the ID number that is used in order to verify the 
uniqueness of a party, the AFM is introduced here, as all the parties should 
always mention this number in their transactions. 
  
  
 External Non Natural Person 
 
 
 
 
 
 
 
 
 
 
 
 
 
 External Address 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The attribute OTA defines the local authority where the address belongs. 
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 External level of administrative division 
 
According to Kallikratis plan, the reorganization of regional and local 
government in Greece held in 2011, there are 4 levels of administrative division. 
For that reason, this external class is added to the Greek country profile. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
◊ Code list GR_AdministrativeDivisionType 
 
The different levels of administrative division are included in the code list of 
the attribute GR_AdministrativeDivisionType. In addition, the attribute can take the 
values: European and International, depending on the transaction that is 
registered in the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 ◊ Code lists of the Party package  
 
6.4.2. Administrative Package 
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I. GR_BAUnit 
 
A basic administrative unit is an administrative entity consisting of zero or 
more spatial units [parcels] against which one or more unique and 
homogeneous rights, responsibilities or restrictions are associated to the whole 
entity as included in the Land Administration System. A BAUnit may play the role 
of a ’party’ because it may hold a right of easement over another, usually
neighboring and spatial unit. 
GR_BAUnit class determines all property rights and corresponds to a part of 
the class PROP of the HC. Apart from the basic attributes defined by LADM, for 
the unique identification of each cadastral parcel the Hellenic Cadastre Code 
Number [KAEK] is used. KAEK is a unique 12 or 16 digit number, the national 
cadastre code number, used for accessing and querying the cadastral 
database. A new attribute named KAEK is added at the class LA_BAUnit with the 
restriction at the data type that the length of the integer should be smaller or 
equal to 16 digits. The KAEK can be a 16-digit number in case that a horizontal 
property [apartment, office or shop] exists. 
Each of the KAEK 12 digits indicates administrative information concerning the 
parcel's location, namely: 
o The first 2 digits correspond to the Prefecture where the land 
parcel is located, 
o The next 3 digits correspond to the sector of each Municipality, 
Municipal District or Community,  
o The next 2 digits correspond to the cadastral sector of each 
municipality,  
o The next 2 digits correspond to the cadastral section and  
o The last 3 digits correspond to the serial number of the land 
parcel within the section. 
In case of a horizontal property four extra digits are added: 
o The next two correspond to the serial number of the building block 
or flats, 
o The last two digits to the floor and the place of the particular 
horizontal property. 
Additionally, two new attributes are added to the GR_BAunit class namely 
verticalPropertyID [for the identification of vertical ownerships] and 
horizontalPropertyID [for the identification of horizontal ownerships]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
In case that the cadastral survey is finished the unique identifier of the 
BAUnit is the KAEK. On the other hand, in case that the cadastral survey is still in 
progress the property code number is used instead. As the GR_BAUnit is a sub-
class of the class VersionedObject, all the history of the data is registered. Due 
to this fact, there is no need to create an extra attribute for the permanent 
property code number till the end of the cadastral survey. The attribute KAEK is 
filled with the property code number and when needed it is updated with the 
KAEK of the BAUnit. 
  
◊ Code list GR_BAUntType 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
II. GR_RRR 
 
The abstract class GR_RRR defines the rights, restrictions and responsibilities 
that are registable in the system. It corresponds to the class RIGHT of the HC. 
Restrictions are not registered separately at the HC; they are included at the 
table RIGHT. Additionally, the responsibilities are not registered at all in the HC; 
but it is considered as an important component of the proposed model. It has 
three classes as specifications: GR_Right, GR_Restriction and GR_Responsibility. 
 
 GR_Right 
 
The GR_Right class contains all the rights that can be registered in the 
ellenic land administration system. { “right” is an action, activity or class of 
actions that a system participant may perform on or using an associated 
resource.{“restriction”isaformalorinformalentitlementtorefrainfromdoing
something. { “responsibility” is a formal or informal obligation to do something;
e.g. the responsibility to clean a ditch or to maintain a monument [Lemmen et al., 
2013]. Rights in rem are rights that grant immediate and against all power on the 
same object [Greek Civil Code 973, Real Property Law and Procedure in the EU, 
Report Greece]. 
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◊ Code list GR_Right_Type 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Gr_Restriction 
 
The restrictions refer to the constraints in the use of the property, for 
example properties with architectural buildings should have specific land uses. 
There are also restrictions in the economic activities exercised on properties 
inside the protection zones of archaeological spaces or mines [Dimopoulou and 
Gogolou, 2013]. 
 
◊ Code list GR_RestrictionType 
 
 
 
 
 
 
 
 
 
 
 
 
  
  GR_Mortgage 
 
A mortgage is a special restriction of the ownership right. In fact it is a 
security right to provide a maximum guarantee that [bank] loans for purchase of 
real estate are repaid. Mortgage is a right in rem and a subsequent right to 
secure a future claim or a claim in provision of the borrower with a preferential 
satisfaction of him/her regarding the real estate by the owner of the real estate; 
who may be a debtor or even a third party; who consented on a mortgage to be 
recorded on his real estate [Real Property Law and Procedure in the EU, Report 
Greece]. 
At the HC model the values of this attribute belong to the RIGHT table. 
 
◊ Code list GR_MortgageType 
 
According to the HC the different types of mortgage that can be registered 
in the system are the following: 
 
 
 GR_Responsibility 
 
The responsibilities are related to the obligations the owners have for the 
protection of the spatial units and are extracted from the corresponding 
legislation. For instance, the State is obliged to protect, promote and make the 
antiquities accessible, a fact that generates responsibilities for the owners of 
properties with archaeological interest. Until now, at the data model of the HC 
the responsibilities where not registered. However it is considered very 
important to register responsibilities derived from the customary law, or 
everyday life, such as monuments and/or traditional buildings inspection. 
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◊ Code list GR_ResponsibilityType 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
III. GR_AdministrativeSource 
 
One of the important foundations of LADM is the fact that all information in the 
system should originate from source documents and that the association to the 
source document is explicitly included [Lemmen, 2012]. The class 
GR_AdministrativeSource is the source with the administrative description of the 
parties involved; the rights, restrictions and responsibilities created as well as 
the basic administrative units affected. In case of administrative source 
documents [usually titles] there are associations with right, restriction, [including 
mortgage] and responsibility [RRR] and basic administrative unit [BAUnit]. 
GR_AdministrativeSource associates with GR_RRR and GR_BAUnit and 
corresponds to classes DOC and DOC_BEN_RIGHT of the HC. For the proposed 
model it is considered that the availability status of each source it is important 
and is added as an extra attribute to the class GR_AdministrativeSource. 
 
 
 
 
 
 
 
 
 
  
 ◊ Code list GR_AdministrativeSourceType 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
◊ Code list GR_AvailabilityStatusType 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
PART II  Proposed Model /6 
 165 
IV. Administrative Package external classes 
 
Two external classes have been created for the administrative package; for 
the ways of ownership [extWayofOwnership] and an archive. To make the 
current system compliant to LADM, the spatial source, deed or title, would be 
identified by a unique number. For that reason the External archive class is 
introduce; since there are different organizations that maintain the sources in 
which the transactions are based which will be linked via the ExternalArchiveID. 
The code list for the different types of ways of ownership are according to the 
existing code list that HC data model uses. 
 
 External Way of ownership 
 
 
 
 
 
 
 
 
◊ Code list GR_Wayof OwnershipType 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  External Archive 
 
 
 
 
 
 
 
 
 
 
 
 
The list of all the code lists of the non-spatial part of the proposed model is 
included in Appendix C. 
 
6.4.3. SpatialPackage 
 
In Greece there is a wide range of different spatial units. In order to make the 
model comprehensive and future proof, all those spatial units can be supported 
including 2D and 3D properties, marine parcels, mines, parcels with archeological 
interest, special property right objects, utility networks and the planning zones. 
Even if all those different spatial units are not supported today by the NCMA S.A. 
or another institution or organization; e.g. the marine parcel; the model is 
designed to cover all the possible cases also for the future. For the best 
organization and management, the various types of spatial units are organized 
in levels. 
At the next figure an overview of the spatial part of the model is presented.  
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I. GR_SpatialUnit 
 
GR_SpatiaIUnit is the main class of the Spatial Package. It consists of a single 
area [or multiple area] of land and/ or water, or a single volume [or multiple 
volumes] of space [Lemmen, 2012] and corresponds to part of the PROP class of 
the HC. Spatial units are structured in a way to support the creation and 
management of the basic administrative units. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
◊ Code list GR_AreaType 
 
In the HC there are many areas registered due to the various information that 
have been gathered. In particular, the area from the deed; the area from the 
topographic map; the area from the GIS registered during the cadastral survey 
andtheareamentionedontheowner’sdeclaration. 
  
  
 
 
 
 
 
 
 
 
 
◊ Code list GR_DimensionType 
 
 
 
 
 
 
 
 
 
◊ Code list GR_SurfaceRelationType 
 
 
 
 
 
 
 
 
 
 
◊ Code list hasTopoMapType 
 
The attribute hasTopoMap is added to the GR_SpatialUnit class, as it is also a 
class on the HC data model, showing whether together with the ownership 
declaration a topographic map was attached or not. It is a Boolean expression. 
 
 
◊ Code list GR_InsideMapType 
 
The attribute InsideMap is added to the GR_SpatialUnit class, as it is also a 
class on the HC data model. It signifies if the property is inside the city plan or 
not. According to that, the legislative framework, the RRRs and also the value of 
the property change. 
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◊ Code list GR_VolumeValue 
 
 
 
 
 
 
 
 
 
 
II. GRSpatialUnitGroup 
 
The class consists of any number of spatial units considered as an entity; 
e.g. a municipality and is realized by an aggregation relationship of 
GR_SpatialUnitGroup onto itself. A spatial unit group may be a grouping of other 
spatial unit groups. According to Lemmen, 2012, in implementation of LADM this is 
to enable the inclusion of spatial unit identifiers in hierarchical zones. 
 
III. GR_LegalSpaceBuildingUnit 
 
 
It contains the legal space, which does not necessarily coincide with the 
physical space of the building unit. LADM provides the opportunity to link the 
legal space with the class ExtPhysicalBuildingUnit for the external registration of 
mapping data of building units. 
 
 
  
 ◊ Code list for BuildingUnitType 
 
 
 
 
 
IV. GR_LegalSpaceBuilding 
 
 
The building unit concerns legal space, which does not necessarily coincide 
with the physical space of a building. As in Greece there are many 
constructions that are not yet finished, or there have been for many years 
unfinished and they still remain like that a sub-class of GR_LegalSpaceBuilding 
has created in order to register the unfinished constructions. In case that the 
unfinished construction is a building, when it is completed, the endExpected 
attribute of the class GR_LegalSpaceUnfinishedConstructions will have the same 
value with the creatrionDate of GR_Building class. 
 
◊ Code list of BuildingKindType 
 
 
 
 
 
 
 
 
 
 
 
 
 
◊ Code list GR_BuildingType 
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V. GR_LegalSpaceUnfinished 
 
◊ Code list GR_UnfinishedType 
 
 
 
 
 
 
 
 
 
 
 
 
 
VI. GR_Level 
 
According to ISO 19152, 2012, LA_Level and therefore, GR_Level is a collection 
of spatial units with a geometric or thematic coherence. This concept is 
important for organizing the spatial units in LADM. In this way, in relation to the 
principleof“legal independence” [aufmannandteudler1998]differentgroups
of coherent spatial units can be created. This allows for the flexible introduction 
of spatial data from different sources and accuracies, including utility networks, 
buildings and other 3D spatial units, such as mining claims, or construction 
works, etc. 
To make the proposed model comprehensive and future proof, a wide range 
of spatial units can be supported including spaces with archeological interest 
[2D or 3D], mines, and special real property objects. The various types of spatial 
units are organized in levels using the class GR_Level. For this class there is an 
attribute type that described level type of the spatial unit, which will include: 
archeological space, land parcels, marine parcels, panning zones, mines and 
SRPOs. The code list for these attributes can refer to GR_LevelContentType. 
For Greece, the following levels are proposed: level 1 for archeological, level 
2 for 2D parcel, level 3 for 3D parcel, level 4 for mines, level 5 for SPROs, level 6 
for planning zones and level 7 for marine parcel. In the involved classes a 
constraint has been added to make this more explicit. For instance, GR_Mine has 
aconstraint_evel.name‘level4”. 
 
 
 
 
 
 
 
 
 
 
  
 ◊ GR_RegisterType 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
◊ Code list of GR_StructureType 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
◊ Code list of GR_LevelContentType 
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 LC01 – Archeological 
 
The Greek civilization is important and affected the evolution of European 
cultures, contributing to modern western civilizations. Political ideas, such as 
democracy, philosophy, sciences, architecture and cultural heritage, are all 
representatives of the rich Greek civilization. In modern times the remaining 
Greek cultural heritage is considered to be world heritage, due to the 
importance and the oldness of the antiquities, gathering the global interest of 
people, who travel in Greece to visit them. 
Until nowadays, many types of legislation have been issued in order to 
contribute to the conservation of the cultural heritage in Greece, all tucked 
underthetitle‘’{rchaeologicalegislature’’. 
The Greek State has encompassed all the international conventions, 
declarations, agreements and European directives concerning the protection of 
all aspects of cultural heritage in the legislation, e.g. Convention for the 
Protection of World Natural and Cultural Heritage. However, the adoption of laws 
confronts many problems, such as the inadequacy of protecting the public 
space, which leads to infringement by the individuals, the bad conservation of 
the antiquities and most important, the lack of efficient management structures 
to the protection services. 
As the archaeological space in Greece is vital for the conservation of the 
antiquities it reflects the necessity for the implementation of a special class. In 
this class the type of the archeological area that is registered is important as 
well as the protection zone. This depends if the archeological sites are inside 
or outside of settlements. 
I. Archaeological sites outside of settlements  
Archaeological site beyond settlements (i.e. no existing city plans or legally 
existing settlements) are protected by two kinds of protection zones: Protection 
zone A and Protection zone B.  
Protection Zone A  
Building activities are totally prohibited. The only exception is: construction of 
edifices or additions to existing buildings may be allowed, where necessary for 
theenhancementofthemonuments’sitesaswellasforfacilitating their use. A 
ministerial decision sets the building terms for these types of constructions.  
Protection Zone B  
Agriculture, stock-breeding, hunting or other related activities can only be 
carried out upon special permit.  
II. Archaeological sites within settlements  
As a general rule any intervention impairing the character of the urban web 
of the buildings or disrupting the relationship between the buildings and open 
spaces is prohibited. The protection zones applicable for archaeological sites 
outside of settlements can be also applied to archaeological sites within 
settlements. In non-active settlements it is prohibited to erect new buildings. 
Only upon permit granted by decision of the Minister of Culture and subject 
to restrictions stipulated by law are the use, construction (only if they are 
compatible with the character of the settlement), restoration and demolition of 
existing edifices allowed. Within archaeological sites which are active 
settlements, special rules apply with respect to restrictions to ownership, land 
use or use of buildings. These rules are being set by ministerial decision in 
each case. 
In order to best manage all those special cases, a new level named 
Archeological is created at the proposed model, as shown in the next figure: 
 
 
 
  
 And the code lists of its attributes are the following: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 LC02 – 2D property & LC03 – 3D property 
 
In the Greek country profile, there are some attributes, which are repeated 
after inhering them from LA_ class. The reason for this is that they have 
different multiplicity the same attribute has in the corresponding LA_ class. For 
instance, LA_AreaValue in GR_3DParcel class has 0 multiplicity because this class 
has no value for area and in GR_2DParcel the multiplicity of this attribute is [1..*]: 
Indicating the presence of one or more area values. The original LA_ class 
(LA_SpatialUnit) for the area attribute has multiplicity zero and more [0..*]. Note 
that some example area types of LA_AreaValue are: deed area, owner’s
declaration area, calculated area, and topographic map area. 
In the proposed country profile, spatial units can be 2D or 3D. Nowadays, the 
parcels registered in the HC are 2D, but there are many cases that need 3D 
description as mentioned in 5.7. The model has introduced an abstract class 
GR_Parcel holding the attributes of a parcel and this class has two 
specializations GR_2DParcel and GR_3DParcel, with their own attributes and 
structure. Currently GR_2DParcel is based on 2D topology with references to 
shared boundaries (GR_BoundaryFaceString). 
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 LC04 – Mines 
 
Greece is one of the EU countries that posses substantial mineral wealth 
consisting of a variety of minerals and ores with a large industrial and economic 
interest. Nowadays, the mining and mineral industry faces some of the most 
difficult sustainability challenges of any industrial sector. Some scholars claim 
that mining is an inherently unsustainable activity, since is based on the 
extraction of non-renewable resources. However, the last years various 
initiatives were launched with a view to secure reliable and undistorted access 
to raw materials for Europe and also in an international level. 
The mining and mineral industry started to develop a framework for 
sustainability indicators [SDIs] as a tool for performance assessment and to 
demonstrate continuous improvements as proposed by the Mining, Minerals and 
Sustainable Development project [MMSD, 2002 a&b] and later by other [GMEA 2006; 
Valta et al. 2007]. 
Tzeferis et al., [2012] examine the most important SD indicators for Greece 
using company-supplied information including employment matters, 
environmental management, waste management, energy and water management, 
local development, etc. The results, which have not been fully verified yet, were 
compiled primarily from the annual sustainability reports of GMEA companies. 
The Greek Mining/Metallurgical Industry [GMMI] constitutes an important sector 
of the economic activity of the country as it supplies essential raw materials for 
primary industries and various downstream users. 
The most common and known production data of various mineral commodities 
produced in Greece are the following: bauxite, aluminium, mixed sulphide ore, 
nickeliferrous ores, ferronickel, bentonite, pozzolan, perlite, calcium carbonate, 
lignite, mineral aggregates, marble, etc.. Reported data combine data from 
statistics provided by the Mineral Resources Division of the Ministry of 
Environment, Energy and Climate Change and the annual statistics provided by 
GMEA. 
The perspectives of the Greek mineral industry appear to be positive, relying 
mainly to its export orientation. However, the industry has to identify and exploit 
the trends and opportunities of the international business environment in order 
to overcome crisis, remain competitive and further improve its position and 
perspectives. Mineral sources are of outmost important for Greece and special 
legislation framework applies to them. Additionally, the nature of the parcels 
where mines and quarries are found is unique due to the geomorphological 
 characteristics. For those reasons and for the best exploitation of the natural 
resources it is considered that a separate level for mines should be created at 
the proposed model. The attributes of this class are the different mineral 
resources types, the sustainable development indicators and the mineral 
activity that takes place in the mine, as shown in the next figures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
And the code lists of its attributes are the following: 
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 LC05 – SRPO 
 
SRPOs considered an individual entity also in the existing model of the HC. 
This is due to the fact that they are properties built above or below other 
properties, usually found on the Greek islands. Customary law applies to mostly 
in the Aegean islands creating complex RRRs, mixed up in multiple layers below 
or above the surface. Legal relations on those RRRs are presented through 
characteristic cases and examples of complex 3D reality. The integration of 
these legally defined spaces to a 3D cadastral system should leave no doubt 
about the way. 
As SRPOs are already a separate entity it is considered that a new level for 
them should be created. Their characteristics, the legislation framework, their 
role in the history and tradition 
RRRs are connected and affect each other, as well as connect parties and 
property units. Separate ground floor (eg. katoi) and upper floor (eg. anoi) 
residences have been traditionally under a system of horizontal property, 
evidently not complying with the Roman accession rule. The owner of the 
ground floor also owned the land parcel, while the owner of the upper floor 
owned the roof (and air), having no land share. Under this special system of co-
ownership, each floor’s rights, even without land share, are separate,
transferable and registrable. It is clear that there is no way to explicitly 
describe those relationships in two dimensions. For that reason, it is mandatory 
for this level to use the third dimension for registration and representation. 
The SRPOs can be divided into two categories: individual and non-individual 
properties. The non-individual properties are registered in the HC together with a 
parcel. Therefore, the individual properties can be described depending on their 
percentage on the ownership interest. 
According to their percentage, three groups are formed: 
o properties which have 1000 ‰ ownership interest, 
o properties that have less than 1000‰and 
o propertiesthatdon’thave ownership interest at all. 
Those categories are depicted in the class of SRPOs as separate attributes 
as shown in the figure below. 
Additionally, for the SRPOs an ontology have been created using the Protégé 
software and is further explained in 6.4.4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 And the code lists of its attributes are the following: 
 
 
 LC06 – Planning zones 
 
According to the Greek Constitution (voted in 1975 and revised in 1986 and 
2001), spatial planning (that is both urban and national and regional spatial 
planning) is placed under the regulatory authority and the control of the State, 
in the aim of serving the functionality and the development of settlements and 
of securing the best possible living conditions. 
At the national level, the main institution responsible for urban and regional 
planning is the Ministry for the Environment, Energy and Climate Change [YPEKA]. 
It is responsible for the elaboration, approval and implementation of urban 
master plans; statutory town plans, housing plans and environmental protection 
programs. It is also responsible for the elaboration, monitoring, evaluation and 
revision of national and regional strategic spatial plans. Other ministries, 
responsible for sectors as industry, tourism, agriculture, transport and energy, 
intervene also in the formulation and implementation of spatial planning policy 
especially in the field of sectoral spatial plans.  
The 13 Regions in which the country is actually divided are entrusted with 
several planning responsibilities concerned mainly with the elaboration, the 
approval, the amendment, the revision and the monitoring and control of 
different types of urban plans, the approval of zones for the transfer of floor-
area ratio and the approval of departures from general building rules in the 
case of non-residential buildings (buildings used for health care, education and 
welfare services, as well as industrial plants and public sports facilities). 
Apart from regional administrations, a great number of second-tier 
(Prefectural self-government) and first-tier (Municipalities and Communes) local 
authorities intervene in the planning process. In the production and approval of 
statutory plans the role of local authorities is mostly advisory, while the hard 
core of their responsibilities is concerned with the delivery of building permits 
and other licenses and the implementation of town plans.  
Greek planning law comprises a wide range of instruments which extent from 
strategic and framework plans at the national and regional levels to regulatory 
town plans and zones at the local level. Existing legislation establishes a 
hierarchical structure between different types of plans as presented into the 
next table. The organization of the levels of planning largely reflects the spatial 
scale at which plans operate (national, regional, local), without, however, having a 
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strict correspondence with the existing levels of government [Commission of 
the European Communities, 2000]. 
Moreover, planning control in Greece is realized through the building permit. 
This permit is required for any work of construction in or out of a settlement. It 
is a combined system of planning and building control, which regulates building 
construction and demolition, as well as land-use change.  
Besides building permit, other consents depending on the use of the building 
or its location are needed. Among them, we should mention the consent 
required if development is to take place on or around monuments and historic 
buildings (article 10 of L. 3028/2002) and the approval of environmental 
conditions required in the case of public or private projects that may have 
significant impact on the environment (articles 3-5 of L. 1650/1986 as amended 
by L. 3010/2002). Both permits are prerequisites for the granting of the building 
permit.  
Concluding, the planning zones are very important for each country and in 
particular for Greece as they define the activities, policies, land uses and the 
restrictions for the entire territory of the country. For all the above mentioned 
they are considered as a separate level in the proposed model. The attributes 
are the type of the plans, the building regulations, the planning sectors that are 
created from the corresponding plans and the planning level, as presented in 
the next figure: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
And the code lists of its attributes are the following: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
PART II  Proposed Model /6 
 181 
Types of Plans Area covered 
Responsible authority 
for the approval 
Strategic: 
General Framework for 
Spatial Planning and 
Sustainable 
Development 
 
 
The whole country 
 
 
National Parliament 
Special Frameworks for 
Spatial Planning and 
Sustainable 
Development 
Special areas of the 
country (e.g. coastal 
areas and islands, 
mountainous and 
lagging zones), sectors 
of activities (e.g. 
industry) of national 
importance or 
networks and technical 
social and 
administrative services 
of national interest 
Co-ordinating 
Committee of 
Governmental Policy 
for Spatial Planning and 
Sustainable 
Development 
(inter-governmental 
organ) 
Regional Frameworks 
for Spatial Planning and 
Sustainable 
Development 
The area of a Region 
Minister for the 
Environment, Spatial 
Planning and Public 
Works 
Framework: 
 
Master Plans for 
Athens and 
Thessaloniki 
 
 
The Greater Area of 
Athens and 
Thessaloniki 
 
 
 
 
Approved by Parliament 
Act (L.1515/85 and 
1561/1985) 
Master Plans for other 
major cities 
The Greater Area of the 
selected cities 
President of the 
Republic (Presidential 
Decree) 
 
 
General Urban Plans 
(GPSs) and Plans of 
Spatial and Settlement 
Organization for Open 
Cities (SHOOAPs) 
The whole of one 
municipality of more 
than 2.000 habitants or 
the whole of one or 
more municipalities and 
communes of rural 
areas with a population 
of less of 2.000 
habitants each 
General Secretary of 
the Region 
Regulatory: 
Different types of 
town-plans 
(Poleodomiki Meleti,, City 
plan) 
 
 
Neighborhood level of 
one Municipality or 
Commune 
 
 
Presidential Decree 
(with the exception of 
“minormodifications”of
the above plans that 
may be approved by 
the relevant local 
authorities) 
Implementation and 
land contribution plans 
(Implementation act) 
 
Neighborhood level of 
one Municipality or 
Commune 
 
Prefect or Mayor 
 
 Zoning instruments 
Functional planning 
urban or/ and rural 
areas 
Minister for the 
Environment, Spatial 
Planning and Public 
Works 
 
 LC07 – Marine parcel 
 
The marine environment introduces complexities that are not inherent in land 
based spatial data. Marine environment is subject to a myriad of legal interests 
due to international and national institutional frameworks. The marine space 
involves RRRs that are time based and overlapping in nature. Some of these 
rights include United Nations Convention on Law of the Sea (UNCLOS) and national 
maritime zones, sovereign and administrative rights, private commercial rights, 
mineral resources rights, development rights, riparian rights, and navigation. 
Therefore, in order a marine system to be successful must be subsumed 
into a national approach to administration of land, coastal, and marine 
environments, but the identification of the unique marine features and the 
appropriate management of them is required. 
In the existing model of the HC, according to the technical specifications of 
the NCMA SA, the marine parts in which the cadastral survey is in progress are 
not assigned with a KAEK and therefore no information about them is recorded. 
Also, the current LADM version does not elaborate the marine part. Although 
there are several proposals regarding the subject of marine cadastre that deal 
with varying issues, however there is a lack of literature that deals with marine 
cadastre data models and the incorporation of the marine object in the land 
administration data model. 
In the proposed model for the registration of the marine interests spatial 
extent, the GR_Marine class is suggested. 
Marine objects can be described as sea surface objects, water volume 
objects, seabed objects, and sub seabed objects. That is defined in the attribute 
arineayerype. hese can be demarcated up to a country’s xclusive
Economic Zone (EEZ). The management, exploration and exploitation of marine 
resources are usually for the benefit of the country and stakeholders up to its 
EEZ. So in order to define the location of marine spatial unit the attribute 
MarineZoneType is introduced. The main characteristic of the marine environment 
is that the administration system is needed mostly for the management of 
resources. The transaction object is not the space (as in land), but the 
resources that included in this space. So the registration of natural resources 
is necessary, when a marine interest is captured [Athanasiou, 2014], that is why 
the attribute MarineResourxeType is proposed. 
In the marine environment the Party is less likely to be an individual and 
would most likely be a group, such as a consortium for oil mining. International 
law (e.g. UNCLOS, or customary international law), public rights, and government 
ownership more frequently take precedence over any private rights that do 
exist in the sea [Cockburn et al., 2003]. Regarding the legal space, while spatial 
units in the land cadastre can have specializations where objects can coincide 
with the legal space, this is very rarely in the marine cadastre. [Griffith-Charles & 
Sutherland, 2014]. 
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And the code lists of its attributes are the following: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  LC08 - Networks 
 
Networks can be divided into transportation and utility networks. It is 
considered as a group of objects with special characteristics that usually 
impose restrictions and easements to the properties and should be managed 
individually. 
According to the model of the HC, the information that is registered concerns 
only the utilities networks and refers to the legal status, not to the physical. 
This means that only the rights, restrictions and responsibilities related to the 
network are described. LADM provides the opportunity to link the physical with 
the legal aspect of the utility networks by adding an attribute for connecting 
with an external database where the spatial components of a utility are 
described. 
Additionally, the type and the status of the networks are registered in the 
level as presented in the following image: 
Additionally, in this level the time aspect is very important. For instance, the 
Trans Adriatic Pipeline [TAP] affects the landowners and land users living along 
the corridor in the northern Greece and will be compensated fairly for the time 
that the corridor affects their properties. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
◊ Code list GR_UtilityNetworkType 
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◊ Code list GR_UtilityNetworkStatusType 
 
 
 
 
 
 
 
 
 
 
 
 
The list of all the code lists of the spatial part of the proposed model is 
included in Appendix C. 
 
 
VII. Spatial package External classes 
 
In the LADM design, any specification is not presented on the association of 
land use/cover information with LADM classes but for the defined association 
relations between LA_SpatialUnit class and external land use/cover classes. This 
is because LADM provides a basic, abstract model focused on land 
administration and especially on the legal part. Undoubtedly, the need to 
register the land use in a multipurpose land administrative system is urgent. 
However, the unavailability of land use/cover data in any external source is a 
major problem all over the world with some exceptions in developed countries. 
In the case of availability, none standardized production is one problem and 
production of with different purposes in different data quality is the other. In 
fact, land use and land cover data are confused by the majority of spatial data 
users or even producers. 
In this context, there are many different types of land use/cover 
classification systems for different purposes in different data quality and 
content, which are either designed internationally or nationally. CORINE land 
cover [EC, 1995] INSPIRE land use/cover themes [INSPIRE D2.8.II.2, 2013], land use 
capability classification [Soil Survey Staff, 1999], Land Parcel Identification 
Systems (LPIS) [Kay and Milenov, 2006; Goeman et al., 2007;Sagris et al., 2013] are 
a few international examples [Inan, 2013]. 
In LADM data model ExtLandUse and ExtLandCover classes were simply 
associated with LA_SpatialUnit. For the proposed model, the external class 
ExtLandUse was used in order to register the land uses for the cadastral 
parcels in Greece. The code list proposed is according to the corresponding 
land uses from the existing HC data model. It should be mentioned that the land 
uses registered at the HC are derived from the database of the corresponding 
Urban Planning department. Unfortunately, there is no frequently communication 
of the 2 databases and the values for land uses are not updated. This means 
that the system is not reliable and up-to-date as there are many changes 
through the years that are not registered. Additionally, the orthophotomaps 
used as basemaps from the HC also represent land uses, but they are dated 
back to 2008-2009 when was the last orthophotomaps created. Consequently, 
the introduction of this external class in the system is very important, as land 
uses affect also the value and the taxation of the land parcels, however the 
need for communication between the responsible authorities is urgent. 
Moreover, for the code list of the external land use type it should be mentioned 
that not only the values of the existing HC data model are included but also the 
values related to the different levels of spatial units. 
 It is evident naturally that any type of land use is spatially related to land 
parcel (and so GR_SpatialUnit class) in the case of a full partition data structure. 
In other cases, there may be some exceptions, yet this relation prevails. This 
relation is required for all types of Land Management activities such as land use 
planning and application, environmental protection schemes, rural development 
schemes and de-coupled payment schemes for farming land. That is to say, 
Land Administration should facilitate Land Management activities, which are 
related to land ownership, land use rights or merely land parcel boundaries. 
 
 External Land Use 
 
◊ Code list ExtLandUseType 
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6.4.4. Ontology for the LC05 - SRPO 
 
In the beginning the ontology SRPO_ontology is created and saved as OWL 
file. The main classes that are created are depicted in Figure 6.4 and they are 
subclasses of the super entity “hing”. {dditionally, a small description for the
ontology was added, as shown in Figure 6.2. 
The entities created for the ontology are related to the spatial unit of the 
proposed model and their inter-relationships with the legislation framework of 
the country, the ways the SRPOs are represented in the existing HC and their 
attributes. Greece is considered as the basic entity after the top-level entity 
“hing”andbecausethefocusonthethesisisthelandadministrationsystem,
the next-level class is the National Spatial Data Infrastructure, which has as 
child the Land Administration System composed by the KAEK, the LADM and the 
representation objects. It should be noticed that the legislation framework was 
also added at the same level with the LAS as it is important in order to best 
describe the SRPOs. Its child are represented in Figure 6.3 
 
Figure 6.2: Description of the SRPO_ontology. 
 
 
 
 
 
 
 
 
Figure 6.3: Children of the entity "legislation framework" in the SRPO_ontology. 
As shown in Figure 6.4 the classes are based on the classes of the 
proposed model and is mainly focused on the spatial part. In particular, the 
different kinds of spatial units and the levels are analyzed and their 
relationships are depicted. The attributes of each one of the classes are most 
derived from the definitions of each one of the special real property objects, 
their inter-relationships and the customary law. 
Additionally, for each one of the special property objects a definition is given 
(according to HC) as well as the relationship with the parcel or road that is 
related with and the special characteristics in case that it has (Figure 6.5). 
 
 
  
  
Figure 6.4: Basic classes created for the SRPO_ontology. 
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Figure 6.5: The definition and the attributes of the class "anogia". 
As a first step, all the classes that are at the same level are disjoint with 
each other, an attribute that is related to the sub-classes of each class. 
Additionally, each one of the subclasses of the spatial unit is related with the 
corresponding level as proposed in the model. 
 
 Figure 6.6: Basic entities of the SRPO_ontology at the top levels. 
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Last but not least, the planning zones are analyzed more in order to define 
the planning sections created in Greece, which is required for the description of 
the relationships of the SRPOs with the roads and/or the parcels. An example is 
presented in Figure 6.7 
 
 
Figure 6.7: Example of the entity "yposkafa" and their relationship with the roads and the parcels. 
 
Open World Assumption versus Closed World Assumption 
 
Open World Assumption (OWA) assumes that the world has incomplete 
information. The statements that are not explicitly defined or cannot be inferred 
are not false, but undecided. Contrary, Closed World Assumption (CWA) assumes 
the world is complete; information that does not exist must be false (Zedlitz et. 
al, 2012). Semantic Web (Kolas et. al., 2005) and knowledge representation follow 
Open World Assumption, while software and database modeling supports Closed 
World Assumption. Because of the characteristics of OWA of being open, OWA 
has the capability to reveal new knowledge. In contrast, CWA supports 
consistency checking through constraints.  
UML/OCL follows CWA while OWL applies OWA. Taking the example from the 
existing LADM model, an invariant such as  
{Party can only have 0 RRR in case the party has specific role} 
has been defined. If a database that has applied this invariant will be violated 
if the data that contain party information do not have related information about 
RRR and Role and that attempt to load in to the database. In contrast, if an 
ontology has defined a person that has spatial source and that does not have 
RRR as a surveyor, then when a person is detected to have spatial source and 
no related RRR, a reasoner would automatically infer that person as a surveyor 
[Soon, 2013]. 
  
 6.5. Conclusions 
 
The proposed Greek country profile both considers the current registration 
in 2D and the wishes for the future registration. For that reason, the third 
dimensions as well as different spatial units are also included in the proposed 
model LADM is capable of supporting the progressive improvement of cadastres, 
including both the geographic and other elements. 
Referring to the proposed conceptual model in this chapter, LADM provides 
standardized class names for spatial and non-spatial data. For spatial data 
class, they have their own standard name called SpatialUnit. In the presented 
conceptual model, the Greek LADM country profile, GR_SpatialUnit has a number of 
specializations, explaining the multipurpose character of the model. Those are 
the archeological areas, the mines, the 2D and 3D parcels, the Special Real 
Property Rights, the legal spaces Utilities (3D), the marine parcels that are not 
yet included in the HC data model and the planning zones. The Building Unit is 
also divided into two subclasses, which are Building and the unfinished 
constructions.  
Querying 2D spatial objects can be based on classes GR_2Dparcel and 
GR_PlanningZone. Meanwhile, GR_3Dparcel, GR_Network, GR_Mine, GR_MarineParcel, 
GR_SRPO and GR_Archeological would be used to query the 3D spatial objects. All 
geometry is obtained from GR_Point, which is associated with GR_SpatialSource.  
GR_Party, including groups and subclasses of GR_RRR can be used to query 
non-spatial data. All administrative information is linked to administrative source 
documents, such as deeds, and included in the model via 
GR_AdministrativeSource. 
The ID in each class is the important to link between spatial and non-spatial 
data. Additionally, the code lists for spatial and non-spatial data are proposed 
based on the characteristics of each class and the existing code lists of the HC 
data model. The coding in front of each code list value, e,g, PT01 – National 
strategic plan, is the unique identifier of the national strategic plan and should 
be used by all the responsible authorities, facilitating the exchange of 
information and the time querying the database and ensuring its accuracy and 
reliability. 
Last but not least, the paper formalizes domain ontology for the Special Real 
Property Objects from the natural language definitions in the standard. The 
natural texts are a good source to provide a neutral stance for developing the 
ontology without a prior assumption like CWA or OWA. The development 
illustrated here, is just an initial step to define semantics for the Greek land 
administration system. 
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hemainresearchquestionofthisthesiswas“howtodesignamultipurpose 
cadastralmodelforreecebasedoninternationalstandards”.histhesisused
the existing situation on the Hellenic Cadastre and the state-of the-art at the 
standardization domain as starting point, although international experience in 
LISs from other countries was examined. The emphasis of the thesis is on the 
creation of the conceptual model for Greece, based on the ISO 19152 Land 
Administration Domain Model [LADM]. 
To answer the main research question, the thesis concentrates on three 
main parts. This chapter lists the main conclusions that can be drawn from the 
three parts: 
o Analysis of the background. 
o Hellenic Cadastre. 
o Proposed model for land management in Greece based on LADM. 
 
This chapter aims to summarize the literature review for the 3D Cadastres 
and their different aspects as well as the state-of-the art on the 
standardization domain. For that reason, in the beginning, some general 
conclusions can be drawn from the overview of this thesis. Therefore the 
benefits and drawbacks of the proposed model based on LADM are analyzed. 
Finally, based on the conclusions recommendations for future directions and 
future research can be outlined. 
 
7.1. General Conclusions 
 
LAS in developed economies can promote sustainable development of the 
built and natural environments through public participation alongside informed 
and accountable government decision-making. The interface between the land 
administration infrastructure and professions and the public will expand as ICT 
helps implement e-government. Ultimately, e-government is e-democracy — 
allowing government of, by, and for the people through the use of the Web. 
Nowadays many countries have developed their own LAS and they are not 
always willing and flexible to change according to the cadastral, technological 
and economic developments. The motivation to respond to change in any 
particular jurisdiction will depend on how local leaders and decision makers 
understand the importance of land management and the cadastre. The success 
of a cadastral system depends on how well it internalizes the new influences 
while achieving broader social, economic, and environmental objectives. 
A 3D cadastre will assist in managing the effects of 3D development and 
increase the functionality of a multipurpose cadastre. It is important to realize 
that a 3D cadastre solution always depends on the local situation and is driven 
by user needs, land market requirements, the legal framework, and technical 
possibilities and there in no single best solution for a 3D cadastre. There are 
several questions that need to be answered for each country in order to 
investigate the special needs for 3D cadastre. 
Nowadays more and more countries are moving towards the concept of a 3D 
cadastre. After past research and prototype developments, a new era has 
arrived with the first implementations and pilot programs of the first 3D 
cadastral systems in operation. It helps in communication to use existing 
standards when available [such as LADM] and to further discuss terminology and 
concepts. Due to the fact that the third dimension is important in the domain of 
land administration there is a growing interest in the technologies related to 
that. 
In particular, 3D geo-database research is a promising field to support 
challenging application such as 3D urban planning, environmental monitoring, 
infrastructure management, to support the modeling, analysis, management, and 
 integration of large geo-referenced data sets, which describe human activities 
and geophysical phenomena. Geo-databases may serve as platforms to 
integrate 2D maps, 3D geo-scientific models, and other geo-referenced data. 
Additionally, there are many 3D visualization systems for representing data in 3D, 
some researchers propose using CAD systems, other propose the use of GIS 
systems integrated with databases. However, these systems are still at a 
prototype level and require validation by users before being used in real 
applications. Moreover, much work still need to be done for the definition of 3D 
RRRs, their storage and representation. 
The relationship between people and land [or space in case of 3D] is 
dynamic, which means that the temporal aspect of geo-data is fundamental for 
recording or monitoring changes, for describing processes, and for documenting 
future plans. Real world 3D dynamic cases [e.g. Australia] show requirements for 
a true 4D Cadastre as this reflects the real world situations. The fundamental 
question arises; should these 3D space, time and scale attributes of the 
cadastre be treaded separately, or is it worthwhile to deeply integrate these in 
a single higher dimensional representation. The last years in publications an 
additional dimension was used for the scale aspect. Recent researches have 
introduced 5D modeling, including the time and the scale as fundamental 
aspects of the geoinformation. 
For the past decades LAS have managed to address cadastral issues within 
the boundaries of any country. However, recent advancements and 
requirements for a cross-boundary land administration require a common 
approach from the global and European community. For that reason, standards 
prove to be the best choice when it comes to Spatial Data Infrastructures and 
interoperability issues. This is the case with LADM. 
Achieving semantic interoperability in the EU context is a relatively new 
undertaking, not achieved before. European Directives, and more specifically the 
INSPIRE Directive, set the legal framework for the creations of a European Spatial 
Data Infrastructure, where the cadastral information plays a basic role, as within 
any Spatial Data Infrastructure. So, standardization can be achieved by 
implementing one of those, or even both of these practices. It is then up to the 
country or the region to decide how to implement those. 
The development of National SDI is an issue of significant importance also for 
Greece. A NSDI aims at the crossing boundaries between: organizations, 
countries and sectors; however it has as prerequisite interoperable data and 
services, which require the use of standards. Nowadays, multiple SDOs propose 
many different standards to support different activities. Standards for 
conceptual models, technical standards and specifications as well as 
communication protocols have been introduced in order to enable, facilitate and 
improve the maintenance and exchange of geographical information between 
different organizations in the same country or from different countries. 
Concluding, standardization and interoperability are gaining more strength in 
everyday transactions, thus LAS need to adopt them and adapt to them so that 
people and land can benefit from their advantages. 
Land Administration Domain Model, ISO 19152, 2012 was selected among other 
standards to be the reference model for the proposed Greek model. The LADM 
provides standardized class names for spatial and non-spatial data and is 
therefore a good basis for national harmonization of land administration related 
information, maintained by various organizations. The unique identifiers form the 
important links between spatial and non-spatial data. Additionally, the external 
classes of LADM enable the link between the physical aspects of the object with 
the legal. For instance, at the LA_LegalSpaceUtilityNetwork the legal aspect of a 
gas pipeline will be described. The model enables the connection with an 
external class, extPhysicalUtilityNetwork that is a reference to the physical, 
technical description of the pipeline. 
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LADM contains the collective experience of experts from many countries [in 
ISO and FIG] as it took long time to develop. In general it is a good practice to 
learn from other countries before implementing specific new functionality into 
the system Last but not least, LADM is compatible with many other ISO standards 
and makes use of a number of concepts and classes from other ISO TC211 
standards, enabling the interoperability with other organizations without the 
need of multiple transformations, which lead to loss of information. 
The Hellenic Cadastre [HC] is a unified and constantly updated system of 
information that records the legal, technical and other additional details about 
real estate properties and the rights on them; which is still in an ongoing 
process. 
The need for 3D registrations and representation in Greece is vital 
concerning special cases like the multilevel constructions, the overlapping 
properties and the SPROs. A successful 3D Cadastre for Greece will constitute a 
unique tool, a level for sustainable development in urban and land planning and 
in every aspect of technical, financial, social and legal issues of everyday life. It 
can also be used as a means for political decisions and pressure, which is 
nowadays a key challenge for the Greek reality. 
The characteristic cases, which require 3D registration are presented in 5.7 
and is concluded that the hybrid model seems to be the best solution for the 
Greek case. The key issue and main drawback concerning the development of 
the Greek Cadastre is that it is basically legal. It is quite obvious that Greek 
legislation contains contradictory laws on property rights, which is rather 
confusing. Therefore there is a need to perform relevant reforms and 
adjustments in order to tackle this situation.  
However, Greece has made a first step forward when the Ktimatologio S.A. 
and HEMCO were merged into one unique organization, the NCMA S.A., like the 
Kadaster in the Netherlands, the Cadastral Office in Belgium, etc. responsible for 
both the collection of all the geographical information and the registration of the 
legal rights on them. Additionally, during the cadastral surveys a special 
adjudication procedure is been followed and parallel infrastructure projects are 
carried in order to facilitate the progress of the project. 
To sum up, the third dimension needs to be incorporated into [some] 
cadastral registrations; however, several modifications to the actual property 
rights’ registration procedure are required. herefore, it is vital to consider
fundamental issues of the operating HC, such as the fact that the outlines of 
any construction are not represented on the cadastral map. 
 
7.2. Evaluation of the proposed model 
7.2.1.  Advantages of the proposed model 
 
Under these circumstances it is clear thatit’snotyetpossibletoadoptafull
3D cadastral system, therefore the hybrid 3D model seems to be feasible and 
the optimal solution for the Hellenic Cadastre. Besides, referring to a hybrid 
conceptual model, it involves the maintaining of the current 2D Cadastre, while 
simultaneously incorporating the registration of three-dimensional cases and 
the integration of 3D data types in every case necessary. 
It may be wise to design a more generic solution, from legal, organizational 
and technical points of view, of which initially only the most urgent cases will 
be represented in 3D. However, it is to be expected that in less urgent cases 
the needs or expectations of society in the future may also change and it is 
wise to anticipate or even stimulate these future uses of 3D registration e.g. 
registration of airspace or the registration of apartments in 3D.  
This was one of the main reasons the proposed model divides the Spatial 
Unit into different levels according to their thematic and geometric coherence. 
 The 8 levels that are described enable the best organization and exploitation of 
the spatial and non-spatial information of each level. GR_2Dparcel and 
GR_PlanningZone are the only two levels with a two dimensional nature. The rest 
are described with three dimensions. Apparently, apartments or condominiums 
are the most frequent type of 3D objects to which RRRs are attached, and it 
could be argued that these are managed quite well even without a 3D Cadastre 
today. However, a 3D Cadastre would provide easier to use representations. In 
addition, there are occurring more and more complicated cases where the 
condominium needs to be connected to a 3D volume (above or below the 
surface) from an adjoining parcel. This is nowadays often solved in a suboptimal 
way [e.g. a lease, but unaptly describing the proprietary relationships and 
rights], and a 3D Cadastre solution would clearly bring benefits. 
Additionally, the code lists for spatial and non-spatial data are proposed 
based on the characteristics of each class and the existing code lists of the HC 
data model. The coding in front of each code list value, e,g, RP07 –Architectural 
building conservation, is the unique identifier of responsibility of the 
corresponding party for the conservation of an architectural building. This serial 
number should be unique at the national level and used by all the responsible 
authorities, facilitating the exchange of information and the time querying the 
database and ensuring its accuracy and reliability. 
This intends to create a database with national code lists that can be easily 
managed and updated by one responsible authority. The use of code lists and 
their corresponding serial number enables the communication between the 
different organizations and responsible authorities.  
The introduction of the marine parcel is an initiative as it is not included to 
the current model. Towards a multipurpose land administration system and the 
fact that a big part of the Greek territory is covered by water there is a need to 
implement a maritime spatial planning. According to the EU each MS is free to 
plan its own maritime activities, local, regional and national planning in shared 
seas under a set of minimum common requirements. Consequently, the 
introduction of the marine parcel was important. The registration of marine 
interests will allow the country to govern effectively the tenure in the marine 
environment. With the introduction of marine space in the proposed model, the 
registration of interests where Greece has sovereign rights is completed. 
Additionally, the introduction of the planning zones was important. The 
different levels of spatial planning in Greece exist today and different authorities 
manage them. Including them in the land administration system enables the 
comparison between what it was plan to be done and what is actually done and 
also facilitates future planning according to the needs of each area.  
 
7.2.2. Limitations of the proposed model 
 
It is very difficult to create and maintain such a multipurpose system. All the 
spatial and non-spatial information should be described and stored in specific 
and compatible formats allowing the meaningful exchange of information and 
avoid the transformations. This requires many changes at the organizational and 
technical part of all the involved authorities, increasing the complexity of the 
LAS. 
Such a system also requires the direct communication between the different 
authorities, organizations and institutions, fact that does not reflect the existing 
situation. A significant change is needed in the way those authorities are 
organized and communicate with each other. Additionally, the updates at the 
different datasets are crucial as well as the link between them and the main 
database of the multipurpose LIS through the external classes. Only when the 
main database is up-to-date the system can be characterized by valid, accurate 
and transparent registrations and transactions. 
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For those general limitations and much more specific regarding the 
characteristics of each class, this model is a research proposal based on an 
international ISO towards the creation of a multipurpose LIS. Further research is 
needed. 
 
7.3. Further research 
 
There are many aspects of the 3D cadastre that need to be further explored 
and many related activities worldwide that need to be upgraded from 2D to 3D 
representations. The chain of those activities requires good information flows 
between the various actors. It is crucial that the meaning of this information is 
well defined as it is an important role for standardization and interoperability. 
Therefore, more formal semantics are requested within the 3D cadastre domain. 
For example, an ontology should be further developed in OWL [or RDF] for 3D 
land administration based on the foundation of ISO 19152. Finally, there is a need 
to create National or International Organizations for the semantics that will 
create, maintain and update terminology, definitions and ontologies for the 
spatial data. 
At the same time, it is proposed that a more international comparative legal 
research should be conducted, although there are many differences in national 
legislation and terminology. This will facilitate the definition of semantics and 
ontology in the domain of land administration. 
From a more technical side, it is a key challenge today to find-out the 
benefits and drawbacks of the different 3D geometries and exchange formats 
and the applications for which each one is more suitable. Additionally, it is 
important to define formal validity of parcel with mixed geometry [2D & 3D]. This 
will lead to less complex structures which can be easier be stored and also 
visualized. 
Meaningful communication is enabled by using existing standards where 
available and by further discuss shared concepts between the countries. LADM 
can be a basis for combining data from different LASs, e.g. LASs with datasets 
describing People to land relationships. It opens options now to bridge gaps 
between cultures where People to Land relationships are concerned, having a 
more social role. Its aims are equally valid for both developed and developing 
countries, which also lead to the development of a more specialized model 
called the Social Tenure Domain Model [SDTM]. 
The connection between other organizations is made as LADM makes use of 
unique identifiers forming links between spatial and non-spatial data. In order to 
gain the best out of the standardization and interoperability process, the 
majority of the countries should agree on certain legal aspects. In the case of 
LADM this would be a common code list for a cross-boundary approach. The 
identifiers should not only be unique within a single organization, but should be 
globally unique and can be used in the context of the national SDI to realize 
references to objects in each others registrations. In the future there may be a 
global [ISO or FIG or OGC] organization, maintaining code list and their values. 
Other constrains need to be addressed as well, for example the maintenance 
and updating of data, as this makes a land administration system more reliable 
and secure. 
 
7.3.1. Proposed model 
 
Further research should be done for the external class for land use. 
Association of land use data sets with land parcels is required for any related 
land management activity. Therefore, checking the updateness of associated 
land use data with other external data sources – a satellite image or similar 
 cartographic material is an important aspect. However, there are many different 
types of land use classification systems for different purposes in different data 
quality and content and the content of external data sources may require a 
generalization process before processing the data for the association. In case 
of a general land use classification within external data, it may not be possible 
specializing land use classes without using any additional external data – 
satellite imagery or similar cartographic material. A recent study for the 
association of external land use and cover information with LADM is done by 
Inan [2013]. 
Additionally, research for technical issues concerning the compatibility of 
different types of databases and formats should be done in order to facilitate 
the communication of the different authorities. Research is also necessary for 
developing ontologies for the proposed land administration system. As it is very 
different to define semantics and ontologies in an international and even in 
national level, it is considered important to develop a detailed ontology for each 
one of the different levels of the spatial part, as well as an ontology for the 
administrative part of the model and find the ways those ontologies 
communicate with each other in order to create shared concepts and 
terminology for a LAS in Greece. 
Moreover, as the marine parcel is introduced as a separate level, the air 
parcel can also be added as a separate level for future development of the 
proposed multipurpose LAS. 
Finally, future work includes assessment of the proposed model, mostly for 
enriching the code lists, before taking further implementation decisions. For this 
purpose a prototype system should be developed in order to discover the 
possibilities and limitations of the conceptual model. Experience from the 
prototype development will be used to further improve the conceptual model. 
The steps in developing this prototype include: 
o Derive the technical model [Oracle Spatial or PostGIS] from the 
conceptual model: from UML diagram move to database tables SQL 
DDL scripts for data storage [and/or XML schema for exchange 
format according to LandXML/ InfraGML, CityGML, BIM/ IFC], For this 
purpose the Swiss standard INTERLIS can be used. INTERLIS can be 
used as a Conceptual Schema Language or a neutral Transfer 
Format as it is a very precise, standardized language on the 
conceptual level to describe data models. It also enables the 
conversion from UML to exchange formats or database schema; 
and this is the option that should be further explored. Implement 
the proposed model in INTERLIS using UML diagrams and create a 
first database schema and also a transfer format, probably in XML. 
o Convert some [and/or create] sample data into the proposed model: 
this covers both spatial and non-spatial data, and should also 
include selection for the 3D cases, which are to be supported by 
the future 3D Cadastre, and 
o Develop frontends to view and edit for professional desktop 
access, and also develop an appropriate web-interface for 
SOI/LR/ILA data access. 
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